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Science education is an interdisciplinary field that has developed from and
continues to rely on research in the fields of cognitive science, philosophy, psychology,
sociology and history. This clearly reflects that learning and teaching can be studied from
multiple perspectives. Despite these wide ranging roots, contemporary science education
by and large is not informed by the work of research on linguistics, and in particular, the
role of language in mediating conceptual understanding. The term “weight” has multiple
meanings in both science and everyday language, and this unfortunately creates inherent
difficulties for teaching and learning. The present study addresses a need in the field by
studying the role of language in conceptual understanding of physics, specifically for
“Weight”, “Weightlessness” and “Free Fall (WWFF).
Part of the study is devoted to the development of a theoretical position on how
these terms should be used, a position that both informs an analysis of textbooks and the
design and evaluation of a novel instructional approach. Textbooks are explored to
investigate how they develop the concepts and use these terms in relation to the physics
constructs involved. Results indicate that half of the textbooks introduce terms
(e.g.,“weight”) before concepts and several textbooks inconsistently employ the
ambiguous term “weight”. The extent to which textbooks address language issues and
different meanings associated with the term “weight” is investigated. Results indicate that
language issues are rarely explicitly addressed. The analysis documents that issues
surrounding the use of language are hidden because these terms are not discussed in
multiple physical situations. Large student learning gains, which are practically

significant are observed using a novel instructional approach based on language and
concepts. Students’ interpretations of WWFF after instruction reveals that they (students)
are well conversant with the associated language problems. Finally, students’ and
instructors’ views of the new instructional approach are investigated. Results indicate that
students show contentment in learning that even experts disagree on how to communicate
some concepts. Thus, students demonstrate both cognitive gains and intellectual
satisfaction after going through the module. Comments from instructors likewise
document that they prefer this novel approach.
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CHAPTER 1: INTRODUCTION
Science education researchers agree on the need for properly defining and explaining
scientific concepts in order to improve student understanding (Braaten & Windschitl,
2011; Galili & Lehavi, 2006). This is particularly important when one considers how
easy it is to misinterpret confusions arising from terminology usage as “misconceptions”
about the underlying concept (Clerk & Rutherford, 2000). Language issues become
particularly pertinent when a term is used in both scientific and everyday contexts (Galili,
1995). Language issues also arise from the inability for experts to agree on how to define
a scientific term (e.g., the case of the term “weight”). Some language issues arise from
the use of the same term to mean different “ideas” in different disciplines, e.g., the case
of the term “nucleus” which refers to a the positively charged central core of an atom,
consisting of protons and neutrons in physical sciences and in biology it refers to a part of
the cell, while in geography, it refers to a central part of a town or city.
Various researchers have recognized the role of language in conceptual
understanding and several suggestions have been put forward to deal with language
issues. Itza-Ortiz, Rebello, Zollman, and Rodriguez-Achach (2003) found that students
are more likely to achieve high test scores if they can differentiate and explain scientific
and everyday meanings of terms. Some physics education researchers (e.g., Heywood &
Parker, 2001; Heywood & Parker, 2010; Touger, 1991) advocate reinforcement of
appropriate usage of words in diverse instances (contexts). Others suggest using everyday
language to introduce a concept before adopting scientific language (Brown & Ryoo,
2008). Arons (1985) advocates introducing ideas first before naming them, yet, others
(e.g., Williams, 1999) have called for greater consistency in how terms are used. Despite
these multiple suggestions, it is not exactly clear how language issues should be dealt
with.
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Conceptual and Language Issues
This section discusses more about conceptual and language as they pertain to science
education. In particular it discusses terms, definitions, and language issues in science
education.
Terms, definitions, and conceptual understanding
Terms or phrases in science education serve as concept representations. Definitions
attempt to explain more about a particular term/phrase, in other words, definitions
attempt to point to a concept that a particular word/term signifies. Therefore, definitions
serve as a language of science and serve other various roles in science education. For
example, definitions are used to describe or explain a given concept or phenomena (van
Boxtel, Linden, & Kanselaar, 2000). Clear definitions are tools for effective instruction
and successful classroom communication (Hestenes, 1998; Karplus, 1981; Stinner, 1992).
In particular, concept definitions also help in presenting a science subject matter in a
more coherent fashion (Schwab, 1964). Third, definitions are known to facilitate
problem-solving (McMillan & Swadener, 1991). Galili and Lehavi (2006) argued that,
those who view definitions as of no significance are the ones who support “lexical”
definitions, which teach the meaning of concepts in non-formal formats and contexts. Of
course, concepts are also represented in various ways (apart from terms or phrases).
These include diagrams, and simulations, but this does not warrant the use of lexical
definitions. Asking for a definition of a concept provides a good ground for learning
student prior ideas and hence necessitating conceptual development. We ask students to
be able to define concepts to show their understanding of them. However, it is possible
for a student to know a concept, but lack familiarity with the term used to represent that
particular concept. It is therefore necessary to note that the teaching of both concepts and
their terminologies is necessary for effective teaching. Indeed, not knowing the scientific
term for a given concept does not necessarily entail a misunderstanding (Clerk &
Rutherford, 2000). However, we live in a scientific community where sharing of ideas is
as valuable and knowing the ideas. Thus language is important for communicating ideas.
In brief, language mediates conception (Scott, Asoko, & Leach, 2007).
2

Language issues
Despite, the important role of language in mediating conceptual understanding, there are
challenges associated with it. Knowing these challenges provides an important step in
thinking about possible actions to be taken to resolve them. One of the challenges raised
against language has been that of lack of consistency, or precision in which one
term/phrase is associated with a concept (Williams, 2000b). This inconsistency can be
realized both across different people and also within a single individual. A good example
is the term “weight”, which is defined either as the gravitational force or a scale contact
force or heaviness of an object. This issue has invited a debate of whether educators
should strive for more precision in our terms and definitions or they should accept the
differences in defining terms. This is a difficult question that requires a case by case
analysis of a given concept through a thorough literature review. Another challenge
concerns how to best define a concept. Some definitions are not necessarily correct, but
they are still being used in the school curriculum. One of the reasons they are still being
used is that of simplicity in the presentation of the subject matter. For example, the
definition of temperature as how hot or cold something is, is not always accurate as our
bodies feel the energy transfer rather than measuring the actual temperature. Some
challenges about language relate to using “misleading” or “wrong” terms to designate a
concept. For example, despite the vagueness of the phrase “electromotive force”, and its
misinformation (due to the term “force”), most textbooks still use this term (probably for
historic purpose) to imply the potential difference between the terminals of a battery or
generator when no current flows to an external circuit. Another issue regarding how to
define concepts concerns whether we should define concepts theoretically (by relating the
concept with other concepts or theories), operationally (by explaining the concept in
terms of how it can empirically be measured) or both. This is not a concern of only
physics educators but also philosophers of science (Galili & Lehavi, 2006). There is a
huge challenge of defining some concepts nominally (theoretically) or empirically
(operationally), and huge amount of definitions are nominal although operational
definitions are widely advocated. Another challenge concerning concept definitions
concerns the circularity of definitions. For example, defining mass as the product of
3

density and volume of an object does not help in the definition of mass, because one will
be hard pressed to define density and in turn he/she will be found using the term mass
again (i.e., density is mass divided by volume of an object). Such cyclic definitions are
available in some textbooks and are often used by teachers.
Conceptual and Language Issues Regarding WWFF
The above discussion point to the fact that issues of language, both scientific and
everyday, can play an important role, hopefully to facilitate understanding, but
unfortunately sometimes hindering it. Thus, instructional efforts to bring about
conceptual understanding meet with mixed success with some terms such as “weight”,
“weightlessness” and “free fall” posing not only conceptual problems but also
troublesome language confusions.
Weight is widely regarded as a challenging concept to teach and difficult for
students to understand, particularly for situations involving acceleration. The difficulties
are partly conceptual, partly language-related, and often a mixture of the two. As we will
see, the concept of weight is conceptualized and defined in more than one way, even
among physicists and across textbooks; and this is true even without considering
everyday usages of the term and notions of the concept, including its common confusion
with mass. In particular, disparate views are found amongst physicists about whether the
term “weight” is to be used for the gravitational force on an object or for the contact force
between the object and a measuring scale. These gravitational and operational definitions
of the concept/term are conceptually distinct and also lead to different values for an
object’s weight in accelerated situations. The conceptual distinction still exists in static
situations, but here the two definitions give the same value. Such
conceptual/terminological ambiguities are far from ideal for teaching and learning the
topic, although the physics of the underlying constructs (and their relationship) is clear.
Endless conceptual and terminological confusion thus arises especially for cases
of “free-fall” and the idea of “weightlessness”. Some experts view weightlessness in a
spaceship as a reality (zero “weight”), while others view the same term (weightlessness)
as a mere feeling (an illusion of zero “weight”). The term “free fall” is a term that
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confuses students too (language-wise). Some students only associate free fall with
dropping (because of the term “fall”) or they think that an object in free fall does so
without any force in action (because of the term “free”). Students rarely recognize a
spaceship as being in “free fall”(Gurel & Acar, 2003). Hence, all the three polysemies:
weight, weightlessness, as well as free fall require a very careful treatment.
Weight
The term “weight” is polysemous in that there is a diversity of views even among
scientists let alone instructors regarding how it should be defined. Galili, who has done
much of the work in this area, notes that the term “weight” is defined in two main ways
(Galili, 1993): i. as a gravitational force and ii. operationally in terms of a measuring
scale. These are sometimes called the gravitational force and the scale force. Galili
(1995) elaborates this distinction by referring to the first as the “gravitational definition
of weight” and the second as the “operational definition of weight”. The first defines
weight as the gravitational force on an object, which is usually by the Earth, but can be
by some other specified planet or moon. For the operational (scale force) definition, note
that when an object is supported (against gravity) by a measuring scale, a contact force is
exerted upwards on the object by the support and a corresponding equal and opposite
force is exerted downwards on the support by the object. Galili proposes defining weight
operationally as the latter force. One could also express the operational definition of
weight as the magnitude of the contact force between the object and a support (scale),
which involves no directional specification. Operationally, the meaning of weight is
determined by how we would measure it. Thus, one could say that weight is what a
measuring scale reads, or in rough everyday terms, your weight is what the bathroom
scale reads, in whatever situation. There might not be too much debate about whether the
gravitational or scale definition is the “correct” definition if both always gave the same
value; but while they do for non-accelerating situations1, they do not for accelerating
objects, and it is here that conceptual and semantic confusions arise and bedevil teaching.

1

In this dissertation, “non-accelerating” or “accelerating” situations/objects/bodies are used with respect to
an observer within an inertial frame

5

Figure 1 illustrates these two major physical constructs that are different but given the
same name.
𝑁𝑠−𝑏

𝐹𝑔
𝑁𝑏−𝑠
Gravitational Definition
Operational Definition
𝑊 ≡ 𝐹𝑔 , i.e., Weight is a
synonym for the gravitational
force on an object.

The weight of a body is the magnitude
of the contact force between the body
and a support (measuring scale).
(The force by the scale on the body and
by the body on the scale are equal and
opposite as shown).

E.g. weight of a body with
reference to the Earth is the
gravitational force exerted on it
by the Earth.

Figure 1. Alternative definitions of weight

Several authors (e.g., Bishop, 1999; Iona, 1987; King, 1962) have attached importance to
the fact that the scale force is accessible to direct measurement unlike the gravitational
force. They also argue that the operational definition is consistent with peoples’ everyday
notion of weight as experienced on a rotating earth. They point out that the operational
definition is what weight means to most people (either as the reading on their bathroom
scales or as the force sensed by their feet). In line with the latter argument, authors
contend that the operation definition aligns with the notion that “weightlessness” is a
valid expression of a real sensation, being a situation of “zero weight”. Finally, these
authors preferring the operational definition note that it applies to all situations, e.g., the
moon, other planets and in accelerating situations.
There are some (e.g., Bartlett, 2010; Iona, 1999) who favor a definition provided
by the International Organization for Standardization (ISO) in 1992. Iona (1999) reports
this definition as “the weight of a body in a specified reference system is that force
which, when applied to the body, would give it an acceleration equal to the local
acceleration of free fall in that reference system” (p. 238). Galili (2001) considers this
6

definition and the operational definition provided in Figure 1 as mutually convertible.
Thus, he treats both as operational definitions of weight. Iona (1995) faulted the ISO
definition of weight saying that it did not clearly specify the reference frame in which
free fall and weightlessness are to be measured. Further, he argued that the reference
frames to measure free fall and weightlessness may not be the same. Finally, he contends
that the ISO definition makes the theoretical value of acceleration due to gravity an
approximation to the value that is observed in experiments. But in a latter paper, Iona
(1999) recants this line of argument, offering multiple reasons in support of the ISO
definition: it is not influenced by attempts to simplify; it seems to be in agreement with
most practices; it has the support of physicists and engineers in many countries; the
definition allows use of the surface of the Moon or other planets, or falling elevators, or
spacecraft as the reference system; it conforms with the meaning of weightlessness; it
allows the unqualified use of the equation W = mg with the free-fall acceleration; it is the
quantity observed in the chosen reference system; and, it shifts the burden of explaining
weight variation with location, or reference system, to the discussion of free-fall
acceleration.
The above discussion shows that the term “weight” is ambiguously defined in
science besides in everyday usage, and further that the question of which definition
should be preferred depends not merely on the underlying physics, but also on semantic,
pedagogical and other considerations. However, from the above discussions, it appears
that there is not necessarily one accepted best way to define “weight”. Disagreements
amongst experts about which construct should take priority have led to the widespread
adoption of various weight-related terminologies or phrases, including “real weight”,
“true weight”, “apparent weight”, “gravitationally defined weight”, and “operationally
defined weight” (Bishop, 1999; Brown, 1999; Galili, 1995; Iona, 1999).
The different ways of defining the term “weight” and naming the two contending
constructs have caused endless confusion for physics educators, especially when they
attempt to explain weight for accelerating objects such as those in elevators and orbiting
spaceships. The two definitions yield the same numerical value for non-accelerating
objects, but give different values for accelerating ones. For example, in ‘free fall’ in an
7

elevator or orbiting spaceship, the weight of an object according to the gravitational
definition would remain the gravitational force, associated with the object’s acceleration,
while according to the operational definition, the weight would be zero, since a force
scale would read zero. The scale definition aligns with the idea and terminology of
“weightlessness” as “zero weight” in that situation.
Figure 2 illustrates the relationship between the gravitational and scale forces, for
an object in an elevator undergoing various types of motion. Different weight values are
obtained for the object depending on which definition one uses. Authors who adopt the
gravitational definition of weight sometimes avoid describing objects in free fall as being
weightless by adopting terms like “apparent weightlessness” (e.g., Sears, 1963) or
“weightful” (e.g., Goodman, 1994). They insist that objects in free fall have weight,
consistent with their gravitational definition.
It is clear from the previous discussions that the term “weight” poses semantic problems,
especially for accelerating objects, and thus represents a potential source of semantic
confusion for both teachers and students. It has been shown that students are often
confused regarding basic physics principles when discussing weight for accelerating
bodies (Gurel & Acar, 2003; Sharma, Millar, Smith, & Sefton, 2004). The following
section discusses ambiguities associated with weightlessness and free fall.
Free fall and weightlessness
Free fall is usually defined as motion under the influence of gravity only. The
terminological and conceptual problems surrounding free fall have been recognized by
several researchers (Gurel & Acar, 2003). While free fall has an innocent definition of
“falling under the influence of gravity only”, it encompasses several distinct physical
phenomena. For example, objects in the following situations can be said to be in free fall,
(1) an apple falling to the ground, (2) the moon rising, (3) an orbiting spaceship, and (4)
an apple thrown upwards. However, our daily use of “fall” is mostly related to the first
scenario. Further, the term “free” has the possibility of sending a wrong message to
students, that an object in “free fall” changes positions without the action of any force at
all.

8

Situation

Force Diagram
𝐹𝑠

m

Description
The elevator is not accelerating; it could either
be stationary or moving at constant speed
upwards or downwards). The net force on the
object of mass m, is zero. The magnitude of
the scale force is equal to that of the
gravitational force.

𝐹𝑔

No acceleration
The elevator is accelerating upwards. The
scale force is larger than the gravitational
force, and the net force on the object is
upward. The scale registers a greater reading
than before.

𝐹𝑠
m
𝐹𝑔

Upward
acceleration
The elevator accelerates downward. The scale
force is smaller than the gravitational force,
and the net force is downward. The scale
registers a smaller reading than in the previous
situation.

𝐹𝑠
m
𝐹𝑔

Downward
acceleration
The elevator accelerates downward with free
fall acceleration due to gravity. The scale reads
zero but gravitational force still exists.

m
𝐹𝑔
Free fall

Figure 2. Relationship between the gravitational and scale forces

Chandler (1991) argues that making the intuitive connection between free fall (e.g., for a
dropped object) and orbital motion is the challenging task. Experts who adopt the
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gravitational definition of weight, avoid describing objects in free fall as being weightless
by adopting terms like “weightful” (Goodman, 1994) and “apparent weightlessness”
(Sears, 1963). Experts who adopt the operational definition of weight (King, 1962) often
describe objects in free fall as to experience weightlessness. Weightlessness is associated
with several other terminologies that renders it even more difficult to understand than
weight (e.g., microgravity, “zero gravity”, apparent weightlessness) (Chandler, 1991;
Morrison, 1999). Some scientists have described objects in free fall as to be floating or
flying (e.g., Kwok, 2010). Here we have a chain of terminological difficulties which
needs the attention of physics educators. Out of these terminological ambiguities, a
serious misconception of “no gravity” in a spaceship has arisen. For example the use of
the term “microgravity” for “weightlessness” by NASA has been blamed for perpetuating
the misconception that there is no gravity in the spaceship (Gurel & Acar, 2003).
Chandler (1991) asserts that the term “microgravity” is beginning to pop up in science
texts as a substitute for “weightlessness” (“Apparently microgravity is “in” and
“weightlessness” is “out” (p. 312)).
The Purpose of the Study
As discussed above, weight, weightlessness, and free fall pose both conceptual and
language issues in teaching and learning. There is no study which has been conducted to
study textbooks’ analysis of weight related concepts with a conceptual framework based
on language, nor is there a study which has designed and evaluated a module on to deal
with the associated language issues. Thus, this project develops a framework for
conceptual and language issues for weight related concepts. This framework is then used
to study how college physics textbooks, develop the concepts and use the terms “weight”,
“apparent weight” and “weightlessness” in relation to the physics constructs involved and
to investigate the extent to which textbooks address the language issues associated with
the polysemous term “weight”. The framework is also used to develop an instructional
unit using a new approach to conceptual and language issues on . The instructional
approach is then evaluated to determine (1) students’ learning gains regarding their
understanding of weight related concepts after the instruction, (2) to examine the
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students’ understanding of language issues on before and after instruction, and (3) to
investigate students’ and instructors’ views of the instructional approach in the unit.
Importance of the Research Purpose
The study has a potential to help students and instructors to learn to differentiate concepts
from the various names that may be associated with them as well as possible confusions
that may arise in teaching and learning due to language issues. In particular, the study
invites educators to (1) introduce technical terms using direct phrases at the beginning (to
minimize the burden of language difficulties), (2) explicitly reveal the language issues to
students (for both cognitive and intellectual satisfaction), (3) advise students to adopt a
contextual interpretation of meaning where necessary (in line with the general nature of
language), and (4) employing the terms in multiple physical situations (to demonstrate
language issues and inculcate context independent conceptual development). The
textbook analysis shall reveal the problems in the textbooks and invite educators to
recognize the language issues and consequently supplement their teaching materials with
others or to go beyond textbook explanations for better learning outcomes. The textbook
analysis also has the potential to send an important message to authors of introductory
textbooks to be mindful of language issues in their writing. The developed instructional
unit might help students’ to understand language issues in science education. Hopefully,
the study shall help educators not to confuse “misconceptions” with language issues. The
anticipated assessment items to be developed in this study might also serve as an example
on how to assess polysemies in science. Since language is one of the disciplines that
concern science education (Duit, 2007), the significant gain between the pretest and
posttest shall be encouraging in as far as explicit teaching of both conceptual and
language issues in physics is concerned. Thus, there is a hope that other educators might
employ the teaching approach advocated in this study. Probably, the students that shall be
taught the new instructional approach shall be satisfied intellectually. Indeed, Wiser and
Amin (2001) stressed that introducing students to both the scientific and everyday
meanings of terms has an affective advantage.
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Definitions of Terms or Phrases
Words: “words are a series of phonemes or written letters that signify one or more things
[concepts]. Knowledge of the pairing of a spoken/written word to the thing [concept] it
signifies is knowledge of an arbitrary paired association between the thing [concept] and
a word” (Kibby, 1995, p. 209).
Polysemy: The association of one word with two or more distinct meanings (Nordquist,
2015).
Polyseme: A word or phrase with multiple meanings (Nordquist, 2015).
Concept/things/referents: “Any object, feeling, action, or idea in the real world or in a
person’s imagination” (Kibby, 1995, p. 209).
Language: Broadly speaking the term “language” includes much broader realms of
communication and expressions both in the everyday and scientific world, such as
gestures, unique symbols and signs, mathematical formulas, graphic representations, and
non-verbal markers (Huang, 2006). This broad understanding is usually termed
“discourse” in lieu of the term language (Gee, 1996). In this paper the term “language” is
narrowly defined as “a collection of words that are used to represent ideas” (Brown &
Ryoo, 2008, p. 531).
Idea first before terminology: The teaching approach based on Arons (1983) where
referents/things/concepts are introduced in simple terms before introducing technical
language. This is one of the basis of this study.
Context-independent conceptual development: This is one of the theoretical positions of
this study. It is based on the fact that students do not have a scientist’s view of how
concepts are applied in multiple situations so that students appear to have multiple beliefs
that vary depending on a physical context. Thus, students may use one belief in one
physical context, and another belief in a similar, related context (Palmer, 2001). When
this happens a student is said to have undergone “context-dependent conceptual
change”(Heywood & Parker, 2001, 2010; Parker & D., 2000). The phrase Contextindependent conceptual development results when a student understands a concept fully
across multiple situations.
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Contextual interpretation of the meaning: This is the act of deriving word meaning as it
is used in written or spoken sentences. It is based on an understanding that terms both in
everyday and scientific language are generally polysemous (Mortimer, 1995) and that
deriving word meaning from context is a solution to ambiguous words (Hutten, 1948).
This is one of the theoretical positions of this study.
This chapter has introduced the study starting from conceptual and language
issues in science education, language issues associated with WWFF, the purpose of the
study and its significance. The chapter concludes by providing definitions of some
important terms and phrases. The next chapter presents literature review.
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CHAPTER 2: BACKGROUND AND LITERATURE REVIEW
In this chapter, a literature review is presented. It examines prior research relevant to key
aspects of this study. Papers to be reviewed inform: a) the problem to be addressed and
its significance b) the theoretical foundation or conceptual framework, c) the research
goals, and d) the research paradigm and the methodology. All the papers analyzed were
peer reviewed and science education related, selected to meet the review purposes as
described above. A relatively huge amount of this section is devoted to a broader issue of
conceptual and language issues in science education as they pertain to WWFF. The
chapter presents research on WWFF, and how it has been conducted, the various
suggested teaching approaches, and their possible strengths and limitations. In
anticipation for the study on textbooks’ presentation of WWFF and student teachers’
understanding of WWFF, the review touches on studies related to analysis of textbooks
and the exploration of teachers’ conceptions of specific physical concepts as well issues
of instructional design. From this critical and comprehensive literature review, the
chapter formally makes important inferences regarding (1) problem statement and
significance, (2) research goals, (3) conceptual framework, and (4) the viable
methodology for the current study. Here, conceptual framework or theoretical
propositions or assumptions, shall refer to proposed approaches to handle language
problems in scientific communication that are in tandem with an effective student
conceptual understanding and positive views of science (i.e., cognitive and affective
benefits). This conceptual framework and the anticipated outcomes are consequences of
the literature and contributions of this study. It may also be viewed as the “theoretical
framework” of the entire study.
Research on WWFF and Related Terms
There have been various studies that have focused on students’ and pre-service teachers’
ideas about weight and related terms (Bar, Zinn, & Goldmuntz, 1994; Galili, 1995; Galili
& Kaplan, 1996). Galili (1995) conducted a study on students’ understanding of
weightlessness and free fall by analyzing and discussing responses to several weightrelated questions which were given to different groups of students who initially were
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taught the gravitational definition of weight. Several conceptual difficulties were noted,
including those related to the range and nature of gravitational force. A major conclusion
of this study was that students confuse weight with gravitational force. In several other
papers Galili and colleagues have advocated for the adoption of the operational definition
of weight in the physics curriculum arguing that it is consistent with the notion of
weightlessness as absence of weight (Galili, 2001; Galili & Lehavi, 2003, 2006). A
different study by Sharma et al. (2004) investigated students’ understandings of gravity in
an orbiting spaceship. Results indicated that many students held the misconception that
gravity is effectively zero inside an orbiting spacecraft. In an effort to resolve this
misconception, the study suggests several approaches that involve restructuring of the
school and university physics curriculum. One of the suggestions was that physics
educators should adopt the operational definition of weight advocated by Galili (1995,
2001).
While the authors above advocate the operational definition of weight others (Bar
et al., 1994; Kruger, Summers, & Palacio, 1990; Ruggiero, Cartelli, Dupre, & VincentiniMissoni, 1985; Yip, Chung, & Mak, 1998) conducted similar studies of
students’/teachers’ ideas about weight and/or forces with an idea that weight is a
gravitational force. Bar et al. (1994) conducted a study to find and interpret children’s
ideas about weight and free fall. Analysis of student responses to the interview questions
indicated that younger children defined weight as a pressing force and older ones defined
weight as the amount of matter, similar to mass. Also, the study found that children think
that things fall because they are not supported, and this idea remains as they mature but it
becomes more elaborated first by the idea of heaviness, and then the idea of earth’s
gravitational force. In general, the authors concluded that children’s ideas about weight
and free fall change with age. They advise the need for effective instruction to deal with
the identified misconceptions. It is interesting to note that some of the children’s ideas of
weight in this study agree with the operational definition of weight although the authors
had weight as a gravitational force in mind. For example, the authors report that younger
children defined weight as a pressing force. Ruggiero et al. (1985) investigated schemes
of common sense knowledge children (aged 12-13 years) employ in relating weight, air,
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and gravity to the phenomenon of free fall. Interview with 40 children indicated three
schemes of common sense. First, the force of gravity acting on weight of objects causes
their fall; second, the force of gravity and weight are two independent causes for the fall
of objects; and third, the force of gravity, weight and the phenomenon of fall are
unrelated concepts. Air was thought as the cause of either weight or gravity or both. The
interesting part of this study is that the authors positioned themselves with an idea that
weight is a force due to gravity by the Earth, although the term “weight” is ambiguous to
date. Another study by Kruger et al. (1990), investigated primary school teachers’
conceptions about force, gravity and related terms. It is interesting that the authors caught
several language and conceptual problems among teachers. However, they did not
recognize teachers’ knowledge of weight as a language problem. In fact, the authors
accused teachers of viewing weight as separate from gravity. Kruger et al. (1990) were
amazed to see that “no teacher said that weight was a force acting on a body due to the
earth’s attraction, which is a general phenomenon called gravity” (p. 299). Implicitly, and
from exemplar responses, the study shows that the teachers had the operational
understanding of weight although the authors thought otherwise. Kruger, et al. view
gravity as a phenomenon that gives rise to the gravitational force, and the study by
Heywood and Parker (2001) conceptualize the two as distinct giving unclear distinction.
Here we realize another terminological problem. Several other studies have been
conducted with explicitly recognizing weight as a gravitational force (Heywood &
Parker, 2001; Yip et al., 1998). Heywood and Parker (2001) in particular conducted their
study with an understanding of weight as the earth’s gravitational force on an object and
mass is the amount of matter in it arguing that it was a statutory requirement.
Several studies that have explored the force concept, have found student
responses to employ the term “weight”. The disturbing thing is that these studies have
kept a blind eye on students’ problems regarding weight and/or mass (Aun, Kheng,
Hsien, Tiong, & Kum, 2002). Despite noting participants’ difficulties in articulating
weight, gravity, and mass, the researchers did not share how these terms should be
correctly used by people.
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While some authors have been explicit about which definition of the term
“weight” they advocate, others have been less clear. For example, Gönen (2007) studied
student teachers’ misconceptions and scientifically acceptable conceptions about mass
and gravity. In his description of the various physical quantities relevant for the study, the
author defined weight as the amount of attraction on an object on the surface of a planet.
He further went on to say that it depends on the kind of planet an object is on and
whether the object is sitting on the surface of the planet or accelerating towards or away
from a given planet. The former description suggests that the author associates weight
with the gravitational force, and the latter suggests the operational definition of weight.
The author further lacks clarity in distinguishing the scale force from the gravitational
force by asserting that these two constructs (the scale and gravitational forces) are
slightly different, a statement which is not necessarily true. For example: “Weight is
slightly different from the gravitational force that exists from interaction of masses. In the
empty space, there are no other bodies; therefore, a body in this space is weightless”
(Gönen, 2007, p. 74). Moreover, the idea that weightlessness results from being far from
other bodies has been associated with the reasoning that is in agreement with the
gravitational definition of weight (Galili, 1995). Therefore, which definition of weight the
author advocates in this study, remains a mystery.
While we have internal conflict in the way we define weight, another conflict
arises in articulating gravity and gravitation. For example, while Kruger et al. (1990)
view gravity as a phenomenon that yields gravitation, Heywood and Parker (2001)
conceptualize the two as distinct, without a clear explanation. Iona (1999), using
geophysics literature terminology, prefers the term “gravitation” to refer to gravitational
force theoretically calculated from Newton’s universal law of gravitation, and the term
gravity to refer to effective or observed attraction force (the gravitational effects as they
are observed on the rotating earth). However, the two are often used interchangeably by
students (Heywood & Parker, 2001), leading to another terminological problem.
Williamson and Willoughby (2012) acknowledged the terminological difficulties the
term “gravity” may pose in students’ interpretation of questions involving gravity as it is
easily confused with the gravitational force, acceleration, or field.
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Conceptual and Language Issues in Teaching and Learning
This section discusses the role of language in science education, concept definitions, how
to resolve language issues, and deduces a viable framework for dealing with conceptual
and language issues.
The role of language in science education
The previous section has shown that weight and related concepts pose both conceptual
and language problems. Indeed, French (1995) summarizes the problem surrounding
ambiguities with “weight” as a question of opinion and definition. He sides with a
distinguished professor Braithwaite (1932), who lamented that we [academicians] are in
bondage of symbols which are our own creation. Additionally, Sears (1963) clearly notes
that the physics surrounding weight is clear and understands the issue of weight as a
problem of semantics and a question of definition just like French (1995) and several
other experts. It is however worrisome to have language problems in science education
since they have the potential to inhibit conceptual understanding (Clerk & Rutherford,
2000). For example, the idea that astronauts orbiting the earth are weightless, has been
shown to encourage the misconception that there is no gravity in the spaceship (Sharma
et al., 2004). Language issues come in several ways including semantic ambiguities that
result from the different ways we define the same term. Science education researchers
agree on the need for properly defining and explaining scientific concepts in order to
improve student understanding (Braaten & Windschitl, 2011; Galili & Lehavi, 2006).
This is particularly important when one considers how easy it is to misinterpret confusion
about how terms should be used for misconceptions about the underlying concept (Clerk
& Rutherford, 2000). Language issues become particularly prominent when the term is
commonly used in both scientific and everyday (non-scientific contexts) (Galili, 1995).
Indeed, Itza-Ortiz et al. (2003) have found that students are more likely to achieve high
test scores if they can differentiate and explain scientific and everyday meanings of
terms. Clerk and Rutherford (2000) contends that conceptual development strategies that
educators may plan, would be unproductive if the problem is one of language rather than
of conception. Gee (2004) argues that, the achievements of students are contingent on
18

their willingness and ability to cope with academic language. He also claims that to
acquire academic social language, students must be willing to accept certain losses and
see the acquisition of the academic social language as a gain.
Carlsen (1991) argues that in studying subject matter knowledge, it is necessary to
not only consider substantive knowledge (knowledge of facts and concepts of a
discipline) and syntactic knowledge (knowledge of skills and processes of the subject or
discipline), as proposed by Schwab (1964), but also the pragmatic dimension of subject
matter. He argues that Schwab (1964) is concerned much with concepts and arguments
and not words. He describes ‘pragmatics’ as “the study of how users of language make
sense of words and sentences in a given context” (p.131). He further argues that
pragmatics would help people to make sense of concepts and scientific arguments in a
given context. Clearly what Carlsen (1991) is advocating here is the role of language in
understanding subject matter which is not obvious in Schwab’ description of disciplinary
knowledge. For Carlsen (1991), the ability to “match” scientific concepts (substantive
structure), arguments (a syntactic structure) and context (pragmatics) constitutes subjectmatter pedagogical knowledge. Within the pragmatic view, we understand that a teacher
may hold multiple conceptions of a given scientific concept. It is the duty of a teacher to
think of instructional design in terms of the context of instruction (e.g., some
conceptions, may be too abstract and sophisticated for a given set of students).
Concept definitions
Proper definition of physical terms has been advocated by various researchers (e.g.,
Karplus, 1981; Margenau, 1950). Usually definitions associate words with their
meanings. The teaching of words and their meanings and concepts they represent as well
as any ambiguities they may portray is one of the major tasks of teachers and textbook
writers (Carroll, 1964). Margenau (1950) identified two central definitions of physical
concepts: the nominal (theoretical) and operational (epistemic) definitions. A nominal
definition match theory by relating a concept to other concepts and providing the
characteristics of the concepts, while the operational definition describes the concept in
terms of how it is empirically measured, the instruments involved, and sometimes
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relevant units. For example, Touger (2000) found that the texts he studied defined force
theoretically as the product of mass and acceleration, or operationally in terms of
stretching of a spring. Karplus (1981) discussed ways in which concepts can be
explained. These are; by paraphrasing, by describing characteristics, by giving examples,
and by describing methods of measurement. Galili and Lehavi (2006) suggested using a
combination of both nominal and operational definitions for a comprehensive definition
providing they are compatible and logically coherent. In their study of teachers’
definitions of physical concepts, Galili and Lehavi (2006) noted that most teachers
defined concepts theoretically and not operationally (by measurement). The authors noted
this result as worrisome, and suggested the teaching of the operational definitions which
may improve student conceptual understanding because various cognitive activities are
involved in the articulation of concepts and provides the platform for discussing the
nature of physics. Out of the many concepts studied (e.g., mass and heat), Galili and
Lehavi (2006) noted that the theoretical and gravitational definitions of weight are
incompatible, and opted for the operational definition of weight in the physics
curriculum. This reminds us how problematic weight is among several other concepts. In
trying to resolve definitional problems, Galili and Lehavi call for the inclusion of
Philosophy of Science (POS) in the teachers’ training course to realize systematic
definitions in physics which takes into account operational definitions. However, they
neglected the role of language in bringing about meaning of terms. It is not strange that
the role of language in science education has not been thought of as an important issue in
science learning, although its consequences are frustrating to the beginning student. Some
authors have recognized language as one of the specific competency needed in science
education. For example, Duit (2007) notes that the term “linguistics” is one of the
disciplines of science education, “which may provide frameworks for analyzing
classroom discourse or conceptualizing learning science as an introduction into a new
language or ethics for framing instruction on moral issues” (p. 4).
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Resolving language issues
Efforts to resolve language issues have taken various forms, including advocacy for
precise scientific definitions, consistent use of terms, paying attention to the differences
between everyday and scientific language, paying attention to how a term is used in
different contexts of a sentence, explicit acknowledgement of language that pose learning
difficulties, introducing concepts in a way that avoids scientific language at the
beginning, and the use of concepts and terms in multiple physical contexts. Some of these
are contradictory suggestions, for example, working towards consistent definitions and
accepting the polysemous nature of the terms and adopting a contextual interpretation of
meaning. The following review, synthesizes the various arguments, and proposes a viable
set of suggestions to deal with language issues.
The need to pay attention to the distinction between everyday and scientific
language has been proposed by various researchers. For example, Williams (1999)
studied words whose primary confusion stems from the tension between the everyday
meaning and our technical use of terms (e.g., velocity) in textbooks and suggested that
science educators should agree upon definitions of the common words to which experts
ascribe precise meanings. A similar study by Itza-Ortiz et al. (2003) investigated how
students perceive the similarities and differences between the everyday and physics
meanings of the terms: force, momentum, and impulse. The study by Itza-Ortiz et al.
(2003) concluded that students who can differentiate between the everyday and physics
meanings of the words are more likely to obtain higher test scores. Itza-Ortiz et al. (2003)
suggested that physics instructors should be more mindful of the use of language and the
alternative meanings of physics terminology that their students bring with them to class.
They also propose that instructors may devise special writing assignments that would
enable students to overcome linguistic problems in learning physics. The two studies
discussed so far in this paragraph provide diverse arguments regarding general solutions
to language difficulties. However, they seem to focus much on terms which scientists
agree without problems. Terms such as “weight”, “weightlessness” could challenge some
of the remedies since they are ambiguous even among scientists. Language problems
vary quite a lot such that a solution to each problem may require its own analysis. Kruger
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et al. (1990), in their study of primary school teachers conceptions of force, gravity and
related concepts found that some teachers misused scientific language by coining phrases
which did not resemble scientific language, such as “movement force”, or “inanimate
force”. Kruger et al. (1990) found that teachers used several phrases anyhow. For
example air pressure was confused with air resistance, the expression that “speed is a
force” was prevalent, and surface tension was confused with friction. The authors noted
that some of these difficulties were not merely linguistic but conceptual problems. This
seems a reasonable conclusion considering that language mediates conception (Scott et
al., 2007). However, the study does not indicate what could be done to specifically deal
with the students’ language difficulties despite noting the related conceptual difficulties.
Hutten (1948) argues that daily language lacks precision unlike scientific
language which is precise enough within a given context. An example of this could be the
use of the term “nucleus” in science. In biology it denotes a part of a cell, in physics and
chemistry, a nucleus denotes the center of an atom which consists of protons and
neutrons. In day to day language it could mean a central part around which other parts are
gathered (e.g., the nucleus of a city). Thus the term “nucleus” is precisely defined to
serve different purposes in different contexts. Hutten (1948) recognizes that in order to
make the sense of our words precise for a specific purpose and within a definite context,
there is a need for rules. Thus, he advises that communication should be followed by
examples to elucidate meanings of our sentences. Although the author provides these
interesting arguments regarding how to deal with language issues, he does not provide
specific examples to support his assertions. Thus his augments, although making sense to
some extent are open to interpretation.
Terms such as “semantics” and “syntax” usually arise in discussing language
issues. Two scientists exchanged some arguments in the American Journal of Physics
regarding how language should be dealt with in science, especially they pointed to two
critical issues related to language in science education: semantics and syntax. In his study
of introductory textbooks presentation of laws and concepts, Williams (1999) focused on
semantic ambiguities of terms and phrases. Williams (1999), argued that one reason that
many gifted students find introductory college physics difficult is the way language is
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used in this course. He therefore analyzed the treatment of Newton’s laws of motion in
five well-known introductory textbooks and other terms with an aim of revealing
language issues in the textbooks. The author found some semantic ambiguities in the
statements related to Newton’s laws. One of the statements William found to be
imprecise is the following: “Every body continues in its state of rest or of uniform speed
in a straight line unless it is compelled to change that state by forces acting on it” (p.
675). He argues that this could be made precise by replacing the adjective “uniform” by
“constant” and the phrase “forces acting” by “a net force acting”. William also observes
that some terms used in the textbooks lack precision. He contends that these have
technical meanings which are not used consistently within the physics community.
Among others these include, weight, force, dynamics, tension, and mass.
In response to the above article, Touger (2000) put forward two arguments (1) the
assertations made by Williams (1999) that inapproriate usage of languge inhibit student
understanding has no emperical evidence, (2) the view that Williams (1999) offered on
how language affects understanding was somewhat limited, in that it treated only
semantic but not syntactic considerations. For the first critique, Touger (2000) cautions
his critic (and readers) how risky it is to make pedagogical assumptions unsupported by
empirical evidence. Regarding the second, Touger argues that the role of language in
physics is beyond semantics such that extended locutions that are used conventionally in
speaking of a concept (the syntax of the concept), promises a greater effect on how
students think about and use the concept. He gave an example “Students who have heard
the locution ‘‘gravity pulls’’ (same syntax as ‘‘force acts’’) more often than ‘‘the earth
pulls’’ draw inferences from the phrasing they hear (p. 306). He argued that no definition
of force will remedy this, unless attention is given to the syntax with which one speaks of
forces and using language that cues students to think about what exerts forces on what. In
response to Touger’s first critique, Williams (2000a) (in a letter to the editor),
acknowledged the critique but defended himself in that he wrote from the point of view
of having taught introductory physics for several years in settings where there was close
interaction with the students, and thus frequent opportunities to learn their points and
hence sources of confusions. Williams (2000a) responded to the second argument by
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acknowledging that his paper was only about semantics, and not syntactic issues. He
argues that although the phrase ‘‘forces acting upon an object’’ incorrectly suggests that
force is an object or an agent, it suggests a more modern, field interpretation of forces,
where an object reacts to the local force field. He asserts that most modern introductory
textbooks introduce gravitational, electrical, and magnetic fields, which are more
correctly said to ‘‘act upon an object.’’
Arguments raised by the two authors above demonstrate how difficult it is to
resolve language issues even among experts. However it is clear that both authors are
interested in resolving language issues in physics education. They seem to both agree that
language faces semantic as well as syntactic problems. However, augments by Touger
digs out a language issue that is often ignored by several researchers and textbook
writers. As William has pointed out, we still see several textbooks using phrases (like
“gravity pulls”) which do not help the learner to understand that forces are exerted by one
object on another object. There are two possible solutions to the syntax this problem. One
possibility could be that educators should adopt a contextual interpretation of meaning
owing to the fact that such phrases like “force acts” are frequently used by textbooks and
teachers. Alternatively, textbook writers and teachers should start paying attention to the
syntax issues in their communication owing to the arguments raised by Touger. This
dilemma could possibly be minimized if educators themselves are aware of these
language difficulties and make them explicit to students. We rarely see an explicit study
of language in the sciences, although we have several disciplines like philosophy of
science and history of science. Incorporation of explicit scientific language teaching, in
our science courses promises to be a viable solution. Further, it appears worthwhile to
view each language problem case by case in order to pass a sound judgment. There is no
simple answer to solve language issues. Indeed there exits words which are used
precisely, but have definitions which scientists disagree upon (e.g., molecule), or words
which change with context (e.g., work) (Williams, 1999).
Explicit acknowledgement of language that poses learning difficulties has been
suggested. The study by William above focused on textbooks, and concluded with
suggestions for improvement in how textbooks should be written. Another author
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concerned with inconsistent use of terms in textbooks, as well as explicit
acknowledgement of ambiguities in teaching, Flodin (2009), analyzed variations in how
the gene concept is used and conceived in different parts of a common college biology
textbook. Results showed that the gene concept is not presented consistently. The study
describes and categorizes five different gene concepts used in the textbook; the gene as a
trait, an information-structure, an actor, a regulator and a marker. Flodin concludes that
these conceptual differences are not dealt with in an explicit manner thereby constituting
one of the sources of confusion when learning about genes and genetics. His call for
explicit attention to terms that pose language difficulties is supported by Touger (1991)
who particular advise educators to: “call students’ attention explicitly to any language in
textbooks and other materials that miscommunicate concepts”(p. 94). William, Flodin,
and Touger have analyzed textbooks, and made untested claims regarding how language
problems should be dealt with. However, inconsistent use of terms has not only been
noticed in textbooks, but also among students. In a study of primary school conceptions
of force and gravity, Kruger et al. (1990) found that teachers lacked precision in terms of
their usage of scientific language, particularly in their use of the terms force, energy, and
momentum.
In trying to resolve language problems in science teaching, Arons (1985) touches
on the issue of how terms should be introduced in science learning. He contends that
“scientific terms acquire meaning only through the description of shared experience in
words of prior definition” (p. 145). Thus he advocates for presentation of a concept by
idea or concept first and attaching a name afterwards. Accordingly, an understanding of
the physical concept is more important than the associated term. This is the same reason
scientists describe the same physical phenomena with different languages across the
world. Arguably, language or terminology is subjective, it is a symbolic expression that is
chosen by whosoever is describing a given physical phenomena or construct. The
emphasis of Arons (1985) on content and not name, seems to be in line with Kuhn (1962)
who asserts that verbal definitions have little scientific content when considered by
themselves, but they are more of pedagogical aids. Kuhn further went on to say that “the
scientific concepts to which they [verbal definitions] point gain full significance only
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when related, within a text or other systematic presentation, to other scientific concepts,
to manipulative procedures, and to paradigm applications” (p. 142).
Some studies have looked into the effectiveness of the notion of “an idea first and
then name afterwards” when presenting a concept as advised by a prominent researcher,
Arons (Arons, 1973, 1983, 1985). For example, Brown and Ryoo (2008) used a pre–posttest control group design, to assess students’ conceptual and linguistic understanding of
photosynthesis. They found that students taught with the “content-first’’ approach
developed significantly improved understanding when compared to students taught in
traditional ways. Brown and Ryoo conceptualize the ‘‘content-first’’ approach to
teaching science as the use of “everyday language to introduce the primary ideas
associated with the content, followed by direct language instruction to demonstrate the
synergy between everyday and scientific descriptions of phenomena” (p. 533). Another
study by Hubber, Tytler, and Haslam (2010), also appears to prioritize the idea first
before terminology although the paper does not mention anything about Arons’ work.
Their study instead focused on the use of representations (e.g., figures) to teach the
concept of force, before adopting scientific term of force and other terminologies.
A viable framework for conceptual and language issues
The review of conceptual and language issues points to differences and similarities
among various educators on how language issues can be dealt with. However, some
suggestions seem to make more sense than the others, and they promise to be useful for
teaching polysemous terms such as weight, weightlessness and free fall. These five
assertions, forms the basis for this study and promises to enhance student conceptual
understanding, and views towards science (affective benefits (Wiser & Amin, 2001)).
These assertions pertain to advocacy for: (1) introduction of concepts in a way that avoids
technical language at the beginning (Arons, 1983), (2) explicit acknowledgement of
language difficulties to students (Flodin, 2009), (3) paying attention to everyday vs.
scientific meaning of terms (Gee, 2004), (4) the use of terms or concepts in diverse
physical contexts (Touger, 1991), and (5) contextual interpretation of meaning (Hutten,
1948). These five propositions form the basis of this study about conceptual and language
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issues in science education. This does not imply that contradictory suggestions (e.g., there
is a need for a consensus definition) are totally invalid. It only entails that when conflict
about terminology seems unresolved for so long and both sides give valid arguments, it is
a good time to think about contextual interpretation, making it clear to the students as part
of the nature of scientific communication. There is a hope for not only improved student
conceptual understanding, but also intellectual satisfaction if these approaches are taken
to teach polysemous terms. Chapter 6 explains more about the impact of the chosen
theoretical framework.
Instructional Materials and Teaching Suggestions
The current difficulties surrounding weight and related terms, and the available
suggestions regarding how to deal with language problems, call for the need to
investigate the available instructional materials for weight and related terms. Thus, this
section summarizes some instructional materials available for weight and related
concepts. By instructional materials we mean learning modules, instructor guides,
demonstrations, and textbooks.
The teaching of weight
Stein and Galili (n.d.) conducted a study to check the effectiveness of teaching the
operational definition of weight to middle school students. The teaching involved
different situations that the authors thought could promote students understanding of
weight. These situations included distant and irregular environments such as on the
Moon, orbiting spaceship, and super-high tower. The authors contend that this is different
from regular instruction, which often appeals to treatment of weight on the Earth surface.
The authors contend that the chosen environments (e.g., weightless environment) may
promote the distinction between weight and gravitational-force considering that students
nowadays have the opportunity to observe several phenomena (e.g., weightless
astronauts) in the media and get attracted to it. The lesson was delivered through the use
of pictures and video clips representing various perspective of a given concept in
different situations (e.g., on the Moon, in a spaceship, etc.). The instructional design
replaced an existing topic on “mass, weight, and forces”. The topics covered in the new
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instruction were: (1) Moon environment and comparison between gravitation on the
Earth and Moon; (2) An outside view on the “Earth- Moon” system and a discussion on
the “up-down” direction; (3) Newton's law of gravitation and its application; (4) the state
of weightlessness in a spaceship environment; (5) Discussion on the concept of weight
and standard weighing; the environment of the imaginary rotating space station; (6)
Problem solving meeting; (7) Excurse to the history of weight and gravitation. The entire
teaching spanned seven sessions (90 minutes each) in accordance with the regular
program. The researchers found the approach to help students better differentiate weight
from gravitational force. This is a well thought out lesson, employing multiple physical
contexts and historical accounts. However, it is unclear whether or not conceptual and
linguistic difficulties associated with free fall were addressed and whether or not the
content was appropriate for the middle school students.
The teaching of free fall and weightlessness
The problem of relating weightlessness to free fall is a challenge to several teachers.
Chandler (1991) proposed a way to deal with this problem. He suggested doing a series
of activities (or demonstrations). First, do Galileo’s experiment showing that heavy and
light objects fall at the same rate. Second, do the same experiment, but this time around
make one of the objects a rag doll. Third, hold a ball in front of the doll’s face and drop
them together. Third, say that the doll represents a person in an elevator and someone
cuts the cable. Fifth, ask what a person would see the ball doing as the elevator was
falling. From here, Chandler, asserts that most students can see that from the falling
person’s perspective the ball would appear to float. He then connects to how a scale
would read nothing if a person was standing on it in an elevator. In trying to connect the
discussion to orbital motion, the author admits that it a challenging task. In his effort he
first tries to remind readers the definition of free fall as falling under the influence of
gravity only. Then makes a point that free fall can occur even when moving sideways. To
demonstrate orbital free fall, he suggests that; first, toss the doll and the ball sideways
together to show that they still fall together and the ball seems to float. Second, discuss
connecting a bathroom scale to your feet with Velcro and being tossed sideways to
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illustrate that you would not be able to record your weight under such circumstances.
Chandler (1991) provides nice demonstrations to link dropping free fall to orbital free
fall. However he missed the opportunity of including the situation in which an object
freely rises up, say a stone thrown up. On its way up, the stone is also in free fall because
the only force acting is gravity. A rising moon can also be said to be in free fall for the
same argument and the same applies to earth. Galili and Lehavi (2003) reported students’
difficulties in recognizing that the Earth is in ‘free fall’ with respect to the moon, in
agreement with findings by DiSessa (1993), leading to difficulties in conceptualizing the
origin of ocean tides. Free fall discussions could be complete if the teacher reminds
students of the distinction between scientific and daily language.
Gurel and Acar (2003) contends that students have no problems realizing that
objects in a freely-falling elevator appear to be weightless contrary to Galili (1995) who
notes that students often understand weightlessness in relation to astronauts in a
spaceship orbiting the earth. Gurel and Acar however speculate that students have
difficulty in realizing that a spacecraft orbiting the Earth is in a state of continuous freefall. To provide a solution to this, they suggest discussing the effect of an initial
horizontal velocity in a free-fall, and addressing the transition from vertical fall to
parabolic fall. Students could then be asked a question such as, (“What would happen if
the initial horizontal velocity was so large, the vertical distance of the object from the
initial point was greater than the size of the Earth?”) (p. 66). Through this question, Gurel
and Acar (2003) contend that students will be able to conceptualize the connection
between a parabolic orbit to an elliptical orbit. This is an interesting approach to resolve
misunderstanding regarding orbital free fall. The question posed may naturally be part of
the discussion of Newton’s Canon experiment. Emphasis on problems with terminology
could strengthen students understanding of free fall. Further, including various physical
situations (an orbiting moon or a freely rising thrown up object) has the potential of
improving students’ understanding of free fall.
Weightlessness has been taught in many ways. The available materials are mostly
demonstrations. Kwok (2010) demonstrated the concept of weightlessness in the
following manner with an idea of mimicking the weightless environment of a spaceship
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or space station. This was done by showing that when a container is in free fall another
object can float in mid-air inside it. This is demonstrated by releasing an object from the
ceiling of a container. Then, while the object is still in mid-air and before it hits the floor
of the container, then the container is allowed to fall freely. The result of this
demonstration results in the object been seen floating in mid-air without touching the
sides or base of the container while it is in free fall. Marshall (2003) devised a
demonstration to show that an object has ‘lost its weight’. The demonstration involved
placing an object (e.g., a small ‘sandbag’) on some bathroom scales. Then this was
followed by letting the object fall while taking note of the scale reading changes. He also
proposed what he called “an amusing audible demonstration” that used a ‘groan tube’. He
asserted that a groan tube has a small cylindrical insert that includes a reed that emits a
groan when falling down the tube. This happens because of relative motions between the
tube and the insert and when both are falling together in free fall no sound is heard.
Another demonstration he proposes involves drilling a small hole in the side of a plastic
drinks bottle, near to its base. Then one should place his or her finger over the hole and
fill with water. Next one should go upstairs window (or somewhere elevated), and hold
out the bottle with the finger on the whole. This should be followed by removing the
finger and releasing the bottle and then observe the water jet. The end result of this is that
the water ceases to leave the bottle thereby demonstrating weightlessness.
Corona, Slisˇko, and Planinsˇicˇ (2006) faults the demonstration offered by
Marshall (2003 ) (on the demonstration that shows students that jets of water flowing
from a container will stop if it is allowed to fall freely) arguing that students’
explanations of this phenomenon do not match the scientific explanation that the bodies,
while being in a free-falling reference frame, are weightless. He argues that some
students conceptualize it in a kinematical way in that the water and bottle move down in
the same way, so the water isn’t able to flow out. Others are likely to attribute the flow
stopping to the ‘air’. These are all interesting arguments, they indicate how limited some
demonstrations may be and the reason why there is a need for updating or re-designing
our instructions. The authors suggest demonstrating weightlessness by holding the bottle
with the two water jets flowing out and launching it upwards. The authors note that the
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students should be confronted to think that water and bottle, when launched upwards,
move in the same way, and water is not able to flow out as it is in free fall. He
emphasizes that as long as free fall is present (whether it is downward, upwards, or
horizontal motion), weightlessness will be achieved. While this innovation appears to be
an improvement of some demonstrations, it appears to neglect the fact that some students
will prefer the falling water bottle as described by others such as Marshall (2003 ). Thus,
to incorporate diverse student learning, this demonstration may work better with other
demonstrations.
In the previous demonstrations, the term “free fall” has not being defined but
implied to be known already by students. The actual terminological and conceptual
difficulties surrounding weight, weightlessness, free fall, gravity, and gravitation, have
not been dealt with in the first place. That there are language difficulties in explaining
weightlessness is not clear from these lessons. Visual representations of the forces
involved in these demonstrations, could be useful (i.e., gravitational and scale forces).
Aside from this, the physics appears to be well explained, especially by Corona et al.
(2006). All the demonstrations are very thrilling for students and may facilitate learning.
All the three papers discussed above (regarding the teaching of weightlessness)
implicitly views weight in an operational manner. They are forgetting that most textbooks
available provide the gravitation definition. This may provide conceptual conflict to a
careful and resourceful student. For example, Tural, Akdeniz, and Alev (2010) reviewed
a set of physics textbooks in terms of their definition of weight and description of
weightlessness. Although Tural et al. (2010) did not share how data was collected from
the textbooks, nor did they share how the collected data was analyzed, they report that all
the reviewed textbooks (n = 10) defined weight as a gravitational force, and omitted a
discussion of “weightlessness”. In order to overcome conceptual difficulties on
weightlessness, the authors suggested that physics textbooks and educators should give
both the gravitational and operational definitions of weight in a comparative manner, and
the concepts of apparent weight and true weight should be introduced to students, an
advice we struggled to grasp. Galili and Lehavi (2003) examined university-level
textbooks (n = 25) in terms of their presentation of the terms “weight”, “weightlessness”,
31

and “tides”. Although the paper does not share how data was collected from the
textbooks, nor does it share how the collected data was analyzed, the study found that
most textbooks defined weight as a gravitational force. Galili and Lehavi also advise for
an explicit discussion of the different definitions of weight for effective student
conceptual understanding of physics principles. However, he does not share how exactly
this could be done in a classroom. Our own recent textbook analysis indicated that
language issues, such as different, inconsistent or ambiguous uses of the term “weight”,
were prevalent both across and within textbooks. The physics behind the two physical
constructs is generally not clearly presented, particularly in the case of accelerating
situations such as spaceships.
Teachers and Instruction
Just like textbooks and other instructional materials, teachers are also sources of student
knowledge. Through teaching, new generations of scientists are trained and our view of
science as a social and cultural activity is enriched (Bensaude-Vincent, 2006). Teachers
are known to be most influential factor in educational change such that the success of
curriculum innovation depends among others (like students and culture) on the teachers’
conceptions and beliefs about teaching and learning (Van Driel, Verloop, H. Inge Van
Werven, & Dekkers, 1997). Therefore, instructional design should be built with teachers’
knowledge of content and teaching practice since they are the ones to implement the
classroom lessons. Shulman (1986) introduced the idea of PCK to describe the
knowledge that a teacher needs for teaching. Shulman (1986) conceptualized PCK as
including ‘‘the most powerful analogies, illustrations, examples, explanations, and
demonstrations-in a word, the ways of representing and formulating the subject that
makes it comprehensible for others’’ (1986, p. 9). However, it should be noted that
teachers’ knowledge appears to be defined or described in a highly subjective manner
(Kagan, 1990; Leinhardt, 1990). For example, aside from PCK, various terminologies
include teachers’ craft knowledge, practical knowledge, teacher cognitions, beliefs etc
(Van Driel et al., 1997; Zanting, Verloop, & Vermunt, 2003). It appears that the most
outstanding aspects in Shulman’s PCK model, are (1) teachers’ content knowledge
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(subject knowledge) and (2) teachers’ conceptions of teaching (pedagogical knowledge),
and this view has the support of several researchers (Loughran, Mulhall, & Berry, 2004;
Major & Betsy, 2006).
Teacher’s content knowledge
In this section, we are concerned with teachers’ knowledge of particular concepts and
strategies for instruction for specific concepts and how the two interact. We are looking
for teachers’ knowledge that may include knowledge of weight and related terms,
awareness of teaching and learning difficulties of particular concepts (e.g., awareness of
student preconceptions and awareness of language issues of “force”), knowledge of
instructional design and implementation strategies for specific concepts (including
values, structure of instructional material, source and use of other instructional materials,
etc.). Our view of teachers’ knowledge is much focused to specific concepts considering
that the usefulness of a broad research on teachers’ knowledge of teaching practice has
been questioned (Abell, 2007). It should be noted that there has been more research on
instructors’ conceptions of teaching than there has been on instructors’ content
knowledge. This especially is true at higher levels of education. Kagan (1990) suggests
an inquiry from instructors that focuses on specific, well-defined aspects of teachers’
conceptions, such as PCK of particular topics is necessary. Thus our main focus in this
section goes to teachers’ knowledge of specific concepts and strategies for teaching these
specific concepts.
Galili and Lehavi (2006) aimed their study at exploring the knowledge of concept
definitions for in-service high school teachers and investigating their views regarding
concept definitions and their role in science education. One of the concepts was weight,
and this caught our attention in this paper. The authors found that some definitions of
weight were gravitational, others operational, and yet some were incompatible in that
they were both gravitational and operational. While Galili and Lehavi (2006) examined
high school teachers’ knowledge of definitions of physical concepts, and their role in
science education, Papageorgiou and Sakka (2000) examined primary school teachers’
views on the composition and classification of matter. The sample constituted of 75
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experienced primary school teachers. Teachers were asked: a) to define some of the
major concepts of chemistry and to correspond these concepts to specific examples
through an open ended questionnaire, b) to draw concept maps on matter, pure substance,
compound, element, mixture, solution, molecule and atom. It was found that the teachers
seemed to be familiar with those concepts which are extensively presented in the
textbooks (e.g., mixture and compound) and that their misunderstanding of some
concepts was due to unfamiliarity with the language of chemistry, such that their thinking
was driven by the everyday use of some terms. The previous study has exposed the thin
line between conceptual difficulties and difficulties associated with the language of
science in teachers’ knowledge of specific subject matter. Effort by researchers to
understand teachers’ conceptual understanding appears to naturally expose language
difficulties. The following study exposes another mutual existence of conceptual and
language problems in science. Kruger et al. (1990) investigated primary teachers’
conceptions of forces, gravity, and weight and compared these with scientifically
acceptable conceptions. Results indicated that most of the teachers had misconceptions
similar to those of children. Further, some teachers misused scientific language, for
example, by coining phrases which did not resemble scientific language, such as
“movement force”, or “inanimate force”. Unlike the study by Papageorgiou and Sakka
(2000), the study by Kruger et al. (1990) seems not to draw any connection regarding the
effects of linguistic confusions to the conceptual difficulties. In other words, the two are
seen as separate problems. It is interesting to note that although the authors caught
several language problems, they did not recognize teachers’ knowledge of weight as a
language problem. In fact, the authors faulted teachers for viewing weight as separate
from gravity. The authors were amazed to see that “no teacher said that weight was a
force acting on a body due to the earth’s attraction, which is a general phenomenon called
gravity” (p. 299). Implicitly, and from exemplar responses, the study appears to indicate
that the study participants (i.e., primary school teachers) had the operational
understanding of weight although the researchers positioned themselves with the
gravitational definition.
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Educators’ knowledge may not necessarily be insufficient, but rather lack a sound
organization that is easy to comprehend. This is evident in the study conducted by Galili
and Lehavi (2006) who found that the definitions offered by high school teachers on
challenging physical concepts lacked coherence and accuracy. For example the study
cites that weight was defined as a gravitational force as well as the supporting force,
which are incompatible definitions. Another study by Kruger et al. (1990) investigated
primary school teachers conceptions of force, gravity and related terms. The researchers
found that teachers’ scientific knowledge was fragmented and often incoherent.
Teacher’s and instructional design
One of the important aspects in instructional design is the teachers’ preference for content
and structure of lessons. Since there is huge amount knowledge out there, teachers are
bound by their own values (e.g., what they consider as important knowledge for their
students). Of course this may probably conflict with other curriculum objectives,
especially at lower levels of education the curriculum is prescribed by the government.
Values become mostly important at college level where instructional design is mostly
trusted to the course instructor. Gudmundsdottir (1990) argues that teachers’ personal
orientation towards subject matter (the “personal curriculum”) affect the way they use
instructional materials such as textbooks. Gudmundsdottir (1990) contends that when
teachers adopt some teaching methods they are likely to reject others, and develop a
repertoire of teaching methods that they believe conforms with the ideas they believe are
important for students to learn. Teachers can reinforce the textbook version of subject
matter, or depart from its approaches, either by adding or removing some aspects in the
textbooks owing to the values they may have. It is common to see teachers using more
than one textbook in their teaching, some even do not use it at all despite assigning it as a
recommend textbook to their students. Of course, teacher’s use of textbooks, has not only
been seen as a value issue, others have seen teachers use of textbooks to depend on their
knowledge of subject matter. It has been argued that teachers with misconceptions are
more likely to rely heavily on textbooks (Ameh, 1987) than teachers with substantial
understanding. While in a traditional lecturing situation the teacher may rely only on the
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textbook, in an experiment, a discussion, or a group-work situation, she or he must be
able to answer various questions and drive the inquiry process. This fact points to the
need for strong content knowledge for instructional design and implementation, as
discussed in the following study.
Parker and D. (2000) conducted a study to explore the tension between subject
knowledge and pedagogic content knowledge in primary teacher education within the
context of the topic “floating and sinking”. This study was situated in a project aimed at
developing subject knowledge of pre-service teachers and in-service teacher so as to meet
the demands of a national curriculum for primary school science. The participants
undertook several activities involving floating and sinking designed to help them
experience the forces involved, deduce factors that influence floating and sinking, and
develop their own hypothesis about the phenomena of floating and sinking. Through
these activities, the researchers learned significant features of the learning process,
including difficulties experienced by the learners. This paper made a strong argument for
the need to demonstrate to teachers the importance of both subject matter and
pedagogical knowledge. Some studies have demonstrated the relationship among content
knowledge, instruction design, and instruction implementation. The study by Hashweh
(1987), had two aims: (1) to describe secondary school science teachers’ knowledge of
specific biology and physics topics and (2) to trace the effects of this knowledge on their
planning for instruction and on simulated teaching. The study found that the teachers
were more knowledgeable on their chosen topic as well as other topics in their respective
discipline (the outcome of aim 1). The outcome of the second aim was that teacher prior
subject-matter knowledge and approach affected how they used textbooks (e.g., they
could manipulate the subject matter found in textbooks during their instructional design).
In other words, teachers’ prior subject-matter knowledge influenced their instructional
design. Through the analysis of simulated teaching, the study found that teachers would
reinforce this transformed subject-matter and pass it on to students, a claim that may
likely need empirical evidence.
To carry out a useful and effective instructional design, teachers should be aware
of popular misconceptions or difficulties in the field and not only understand the possible
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reasons for their origin but also know strategies for resolving such misconceptions. Berg
and Brouwer (1991) interviewed twenty high school physics teachers to determine their
awareness of student alternative conceptions and teaching strategies used to resolve the
misconceptions in the areas of force and gravity. Results indicated that student alternative
conceptions found in previous studies were also present in this study. The high school
teachers were unaware of most of the alternative conceptions, and one third of them
demonstrated some alternative conceptions themselves. The teaching strategies proposed
by the teachers fell into the following categories; expository (46.7%), demonstration of
the desired conception (20.0%), analogies (17.8%), and questioning with general
discussion (8.9%). The authors noted that these are partially successful in resolving the
misconceptions as far as research in teaching strategies aimed at promoting conceptual
development is concerned. Few other researchers have investigated how teaching
strategies are implemented to resolve conceptual issues of which the instructor was
aware. This study could as well be applied to ambiguous concepts in science, such as
weight. It would be interesting to ask teachers’ awareness of the ambiguities associated
with defining weight. However, it appeared odd to ask teachers to “predict” students’
responses with an aim of learning their awareness of student alternative ideas.
Studies involving teachers
Research with teachers has been conducted using a variety of methodologies. Galili and
Lehavi (2006) used an open questionnaire to examine knowledge of definitions of
challenging physical concepts and views regarding the role of definitions in science to 75
teachers from different high schools participating in a workshop. Kruger et al. (1990)
used in-depth interviews (about one hour long) to understand conceptions of force and
gravity from 20 primary school teachers in five different schools. Another paper by
Ameh (1987) first used a pencil and paper test and later on in-depth interviews to explore
teachers’ and students’ understanding about gravity. Hubber et al. (2010) designed a
representational approach to teaching the concept of force and assessed teachers on their
implementation of the designed instruction in their respective classes. Data was collected
over a period of 12 lessons through video records, student work, field notes, tape records
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of meetings and discussions, and student and teacher interviews based in some cases on
video stimulated recall. Trigwell, Prosser, and Taylor (1994) explored the intentions
associated with the teaching strategies of first year physical science lecturers. by
interviewing 24 teachers and analyzing the resulting transcripts. Some studies have relied
only on written responses to inquire about teachers’ conceptions. Kikas (2004)
investigated the conceptions of trainee, primary, and subject teachers regarding, the
motion of objects, seasonal changes, and aggregate changes of matter. Data was collected
from 198 participants using a questionnaire. The subject matter competence in physics
related topics of 147 in-service junior secondary science teachers in Hong Kong was
identified using a true-or-false instrument based on a framework conceptualized by the
authors (Yip et al., 1998).
The above methods can be categorized as those that used multiple and diverse
methods(e.g., Hubber et al., 2010) and those that did not (e.g., Galili & Lehavi, 2006).
One general concern regarding most of the studies regarding teachers is lack of practical
observation of teachers at work. Indeed some researchers have argued that research that
aims at getting teachers’ conceptions without actual observation, is at risk of telling half
story (Kane, Sandretto, & Heath, 2002). However, observations are also at risk of
changing the behavior of research subjects, unless done carefully. One way to learn more
about teachers is to involve them in an in-depth interview, or combing multiple data
sources and this could particularly be useful and possible with ambiguous concepts such
as weight. A written questionnaire alone does not appear to be useful enough to solicit
teachers’ knowledge. Kagan (1990) concluded that “the use of multi-method approaches
appears to be superior, not simply because they allow triangulation of data but because
they are more likely to capture the complex, multifaceted aspects of teaching and
learning” (Kagan, 1990, p. 459).
Another issue that has been raised regarding research with teachers is lack of
assessment techniques that view teachers as professionals. In their discussion of
assessment of teachers, Beijaard and Verloop (1996) argue that there is a need for
assessment alternatives that will do justice to the complexity of teaching and will be
acceptable by teachers, particularly in view of their profession and career development.
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The paper critiques research studies which have assessed teachers on their knowledge of
effective teaching, as a way of evaluating teachers and hence necessitating appropriate
innovations. The authors view the approach as confronting teachers for lack of relevant
knowledge for teaching. Therefore, the paper suggests that assessment of teachers should
occur in their natural classroom contexts and do justice to contextual differences and the
dynamics of teaching. They further contend that this way, it is clearly understood that
teachers do not think and behave the same in different situations. An interactive
combination of direct and authentic assessment methods are proposed, consisting for
example of interviews, observations, written reports and portfolios. This paper makes a
strong point regarding teacher participation in assessment or more generally study
participation and encourages researchers to view teachers as professionals. Van Driel,
Douwe Beijaard, and Verloop (2001) criticizes a study by Kruger et al. (1990) for
exclusively focusing on teacher behavior and not a focus on the cognitions or thoughts
that could be exemplified during the actual teaching. A closer look at the paper by Kruger
et al. (1990) reveals a concern about the methodology, specifically the specific interview
questions they employed. The questions were phrased as if they are targeted towards
students and not teachers who are experts. Actually they report to have used the same
instances used to investigate children’s ideas in this study of teachers. No wonder some
teachers did not find the interview enjoyable although they noted the importance of it in
helping them think about their subject matter deeply and critically and modifying them
accordingly.
Our search for teachers’ content knowledge and approaches to treatment of
concepts revealed that there are more studies on teachers’ conceptions of the teaching
practice (i.e., teaching preferences) than studies on teachers’ knowledge of specific
content knowledge (e.g., knowledge of the ambiguities associated with weight). Besides,
research on teachers’ pedagogical practices is so broad, such that it makes little sense to
think about how one would apply those in the teaching of various concepts that differ in
complexities. Such kind of research that is confined to a specific concept, such as weight,
may be much useful in instructional design. A lot of research in science education has
been devoted to students’ understanding of science concepts. Our literature search also
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indicates that there is a dearth literature on college instructors’ knowledge of subject
matter as well as approaches they use to teach specific concepts. The reviewed papers
indicate that most studies describe subject matter knowledge of a teacher merely in terms
of organization of scientific knowledge and principles. What the studies have forgotten is
looking into the teachers’ ability to understand the subject matter in different ways,
depending on the situation (Carlsen, 1991). Gilbert, Watts, and Osborne (1985) advise the
need for teachers to consider alternative conceptions of the subject matter including
students’ conceptions, the textbook’s conception, the disciplinary (or scientist’s), etc.
This might be especially true with conceptions such as weight. If a teacher is not aware of
its ambiguous definitions, he/she is likely to get into difficulties in his teaching. This is a
gap in the literature that needs to be addressed.
Literature Review Summary
The previous comprehensive and critical literature review can be summarized in different
themes. First, we can deduce without doubt that weight is an important and most
frequently used and fundamental concept in physics. It is a term, or a concept that is used
in several situations of physics discussions as well as daily language. Unconsciously,
experts find themselves using the term either as the gravitational force or the scale force.
Usually, it is the novice who suffers in making sense of so many sentences that the term
weight is used. Had it been that it is the only term that has the potential to scare away
sophomores, we would care less. Unfortunately, ambiguities associated with weight, are
directly associated with ambiguities associated with the description of objects in free fall,
further, gravity gets confused with gravitation in the process. Only some experts will
have the potential to make sense of these language difficulties, and novices have all
reasons to quit physics. Indeed, as far as weight and related concepts are concerned,
communication of physics has proved to be less accurate and confusing not only among
novices but also experts. Students have been labeled as having incorrect ideas just
because they adopt the other definition that the researchers or educators do not agree
with. The available instructional resources on teaching weight do not attend critically to
the various issues that are relevant for discussions involving weight as raised in this
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critical literature review. They do not see weight as a term that poses language problems.
Whether or not they know about the existing ambiguities is unclear. Inability to view
weight in terms of its language difficulties has the potential to cause learning and
teaching difficulties as we have seen in the review above.
An understanding that the major issue facing weight and related terms, is
linguistic in nature, directed our attention to critique language studies. However, although
there seems to be a great effort to resolve language issues, studies of language have
proved that no unique approach is available to resolve language problems. It all depends
on the language problem under consideration. The following have been proposed in
dealing with language issues: advocacy for precise scientific definitions, consistent use of
terms, paying attention to the differences between daily and scientific language, paying
attention to how a term is used in different contexts of a sentence, explicit
acknowledgement of language that pose learning difficulties, introducing concepts in a
way that avoids scientific language at the beginning, and the use of concepts and terms in
multiple physical contexts. Out of these suggestions, this study has managed to gather
five positions, which together promises to solve language problems. These have already
been explained in this chapter.
Interestingly, the concept of weight itself has not been dealt with as a language
problem by most studies but a mere misunderstanding among experts. Some have thought
about it as a philosophical issue, an argument that is partially true. Generally, language
has not been a focus of most researchers in physics education. Arguably, this could be
due to the fact that the majority of them think about language issues in terms of grammar,
not as a semantic and/or syntactic problem. Despite this negligence on the role of
language in learning science, the literature review has clearly shown that language has
strong consequences for student understanding and its improper usage encourages
misconceptions. Studies on how to resolve misconceptions have rarely touched on
language issues. If we tell our students that gravity acts on objects, how will they know
that it is the earth that pulls on objects? If we quickly run into conclusions, that our
students have serious misconceptions, without critiquing our own language use, how will
we fight conceptual difficulties? Obviously language studies in physics education deserve
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an explicit place in physics education, just like nature of science and conceptual
development studies.
Amidst conceptual and linguistic difficulties, one would think that students could
find solace in textbooks/instructional materials, or their instructors since these are
important and major sources of students’ information. Unfortunately, the literature review
has shown that nothing is clearly known about how textbooks/instructional materials and
instructors treat the ambiguous weight both language wise and conceptually. At least the
literature has enlightened us the importance of both instructional materials and teachers in
science education. Some of the lessons, have opted to choose one way of teaching
weight, criticizing the other approaches for being unfavorable and less effective
pedagogically. The various lessons available, fail to clearly discuss the various meanings
of weight in relation to each other in different situations that an object might find itself in
and further lack empirical evidence of their efficacy. Clearly, an instructional design, that
is, research based is needed to resolve language problems involving weight. Considering
that weight is the most common and frequently used term, the need for this instructional
design should not be underestimated. This leads us to the justification for the need for this
current (as will be discussed in the following final section).
The critical literature review in the section on weight and related terms,
demonstrates several gaps in the literature. These range from a need for a thorough
textbook analysis of the treatment of WWFF and the need for an instructional approach
that is research based. Such a lesson, could allow one to learn to (1) measure learning
gains associated with such an approach (2) explore how students’ articulations of
scientific language changes before and after instruction, (3) explore how students and
instructors react to the teaching approach of weight, weightlessness, and free fall based
on the proposed conceptual framework. There are also possible research areas in view of
the literature review and critique concerning teachers in science education. One could
investigate (1) instructors’ conceptions about weight and related terms, (2) college
instructors’ views regarding the role of definitions of physical concepts (e.g., weight,
weightlessness, and free fall), (3) teachers’’ knowledge of the ambiguities surrounding
weight, weightlessness, and free fall, (4) how teachers teach weight and related concepts,
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(5) teachers’ concerns regarding the ambiguities in science and whether they know of any
other concepts/terms posing language problems as weight and others in physics, (6) how
they solve such problems in 6, (7) whether or not they follow textbook approaches to
design lessons, (8) whether or not they follow textbook approaches to treatment of weight
and related terms, and (9) the kind of the textbooks or materials they use to teach weight,
weightlessness, and free fall. One could also focus on language issues in other concepts
such as heat. The list is endless, thereby demonstrating how minimally language has been
a focus on science education despite its importance in mediating conceptual
understanding.
This chapter has presented research on WWFF and how it has been conducted, the
various suggested teaching approaches, and their possible strengths and limitations.
Conceptual and language issues in science education have been presented leading to a
conceptual framework of this study. The chapter has also touched on studies related to
analysis of textbooks and the exploration of teachers’ conceptions of specific physical
concepts as well issues of instructional design. It concludes by outlining the major
findings of the review and gaps in the literature. Thus the review justifies the need for
this study.
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CHAPTER 3: TEXTBOOK TREATMENTS OF WEIGHT-RELATED
CONCEPTS
This chapter presents a study of how introductory college level physics textbooks present
weight and related concepts in light of the theoretical positions (regarding concepts and
terms) as developed in the previous chapter (chapter 2). The chapter begins by outlining
textbook analysis goals. This is followed by a discussion of the textbook sample, the
procedure to meet the intended goals, and the results. The outcomes of this section
motivated the need for the other section of this study, i.e., the design and evaluation of
the novel instruction approach.
Textbook Analysis Goals
As described in chapter one and two, weight and related concepts, pose both conceptual
and language issues. The literature review has documented the importance of language in
conceptual understanding. There are various suggestions regarding how language should
be dealt with, some of these are in conflict with each other (as discussed in chapter 2).
However, it has been possible to deduce a set of coherent theoretical positions which
have the potential to deal with language issues. Using these theoretical positions, as a
“framework”, this section addresses the following textbook analysis goals:
1. To study how college physics textbooks develop the concepts and use the terms
“weight”, “apparent weight” and “weightlessness” in relation to the physics
constructs involved.
2. To investigate the extent to which textbooks address the language issues
associated with the polysemous term “weight”.
Sample
An initial convenience sample of 35 introductory physics textbooks was chosen from
personal libraries in the physics department at Western Michigan University (WMU).
Five physics faculty members were consulted, three of whom were actively involved in
teaching introductory physics courses and two had previously taught such courses, and
they indicated that the textbooks were indeed typical introductory physics books, both
algebra-based and calculus based. This convenience sample approach to textbook
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selection has also been employed by Niaz et al. (2010). From the set of 35 textbooks
gathered, 20 with publication dates between 1995 and 2013 were chosen for detailed
analysis. Thus the study sample consisted of 20 typical introductory physics textbooks
known to be in fairly wide use over the last 18 years.
Table 1: List of introductory physics textbooks analyzed
Bauer, W., & Westfall, G. D. (2011). University physics with modern physics. New York, NY: McGrawHill.
Cassidy, D., Holton, G., & Rutherford, J. (2002). Understanding physics. New York, NY: Springer-Verlag
New York, Inc.
Cutnell, J. D. (2009). Physics (8th ed.). Hoboken, NJ: John Wiley & Sons, Inc.
Giancoli, D. S. (2000). Physics for scientists and engineers: with modern physics (3rd ed.). Upper Saddle
River, NJ: Prentice Hall.
Halliday, D., Resnick, R., & Walker, J. (2005). Fundamentals of physics (7th ed.). Hoboken, NJ: John
Wiley & Sons, Inc.
Hecht, E. (1998). Physics: Algebra/trig (2nd ed.). Pacific Grove, CA: Brooks/Cole.
Hewitt, P. G. (2006). Conceptual physics (10th ed.). San Francisco: Pearson Education, Inc.
Hobson, A. (2007). Physics Concepts & Connections (4th ed.). Upper Saddle River, NJ: Pearson
Education, Inc.
Jones, E., & Childers, R. (1999). Contemporary college physics (3rd ed.). Boston: Mc Graw-Hill
Companies, Inc.
Kirkpatrick, L. D., & Wheeler, G. F. (2001). Physics: A world view (4th ed.). Fort Worth: Harcourt College
Publishers.
Kirkpatrick, L.D., & Francis, G.E. (2010). Physics: A conceptual World View (7th ed.). Australia:
Brooks/Cole.
Knight, R. D. (2013). Physics for scientists and engineers: a strategic approach (3rd ed.). Boston: Pearson
Education, Inc.
Nolan, P. J. (1995). Fundamentals of college physics (2nd ed.). Dubuque, IA: Wm. C. Brown
Communications, Inc.
Ostdiek, V. J., & Bord, D. J. (2005). Inquiry into physics (5th ed.). Australia: Brooks/Cole.
Serway, R. A. (2010). Physics for scientists and engineers (8th ed.). Belmont, CA: Brooks/Cole.
Serway, R. A., Faughn, J. S., Vuille, C., & Bennet, C. A. (2006). College physics (7th ed. Vol. 1).
Australia: Brooks/Cole.
Trefil, J., & Hazen, R. M. (2004). Physics matters: an introduction to conceptual physics. River Street,
Hoboken: John Wiley & Sons, Inc.
Walker, J.S. (2002). Physics. Upper Saddle River, NJ: Prentice-Hall, Inc.
Wilson, J. D., & Bufa, A. J. (1997). Physics (3rd ed.). Upper Saddle River, NJ: Prentice Hall.
Young, H. D., & Geller, R. M. (2007). Sears & Zemansky's college physics (8th ed.). San Francisco, CA:
Pearson Education, Inc.

Choosing books published after 1995 was reasonable since the ISO provided a definition
of the term “weight” in 1992 (Iona, 1999), and to our knowledge (Galili, 1993) published
the first empirical paper on teacher and student confusions and ambiguities for weight
and gravity in 1993. The textbooks analyzed are listed in Table 1
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Procedure
Two individuals with strong backgrounds in both physics and education (the first and
third authors) carried out the textbook analyses. They analyzed content from all passages
in the 20 textbooks that discussed weight and/or the related physics. They drew on , their
knowledge of previous studies in the field, their own experience in physics curriculum
development and teaching, (Galili & Lehavi, 2003)to determine the task approach and
areas of concentration. Textbook sections perused included any in which the book
presented forces, Newton’s second law, Newton’s Universal Law of Gravitation, weight,
mass, circular and rotational motion, orbital motion, and buoyancy and for each of these
they also included the corresponding set of questions and problems provided by the book
at the ends of chapters. All relevant sections for study were identified and agreed upon
during the initial textbook exploration. Through the analysis of these passages, varying in
context and difficulty, information about the range of treatments of weight and related
constructs was obtained.
Content analysis methods (c.f. Weber, 1990) were used to approach the research
goals on textbook treatments. Weber (1990) contends that a central feature of content
analysis is its ability to classify several words of the text into fewer content categories.
Content analysis technique relies on categorization and coding of the relevant text data
(Stemler, 2001). Ramos and Ibanez (2004) used content analysis in their investigation of
physics textbooks’ presentation of the energy-conservation principle in hydrodynamics
because of its flexibility in allowing researchers to analyze the material of interest to
them. Content analysis methods have also been employed in a number of textbook studies
(Krippendorff, 1990, 2004).
Content analysis usually involves researchers in creation of a coding scheme and
its application to the sampled text material (Weber, 1990). This is done after investigators
have identified research goals, relevant theories (theoretical framework), previous
research, and identified the texts to be analyzed and classified. The two authors initially
had limited knowledge and skills in content analysis but familiarized themselves by
relevant reading (e.g., Krippendorff, 2004; Neuendorf, 2002; Stemler, 2001; Weber,
1990) and participating in the second author’s research group meetings. The following
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procedure outlines the stages that enabled the creation of a coding scheme for textbook
treatments of weight and related concepts. An initial sample of 10 textbooks was chosen
(from the target sample of 20) to identify the main issues and the range of treatments of
weight related constructs. This initial textbook exploration, along with relevant
theoretical positions in the literature, characterization of the constructs, teaching
experience, project goals and discussions, informed project conceptualization. The two
major definitions of weight, (the gravitational and operational definitions) provided two
distinct physical constructs associated with weight. As noted, these different but related
constructs are commonly given the same name, leading to teaching and learning
difficulties especially in cases involving accelerated reference frames. Thus our coding
scheme needed to consider both physics and language issues, consistent with our research
goals and conceptual framework. Emphasis on the underlying physical constructs, and
recognizing that ideas exist outside of words used to denote them (Brown and Ryoo,
2008) distinguishes this from other work (Tural et al., 2010). Our systematic approach
and coding in this regard goes beyond previous work on weight in textbooks and adopts a
new perspective.
In our work we first considered the nature and merits of the two major physical
constructs associated with weight, at the same time recognizing the associated language
issues. In initial textbook exploration we examined the following: i. weight definitions, ii.
how the concept and term “weight” was introduced, iii. terminologies used for the
gravitational and scale forces, iv. the terms or phrases associated with accelerated
reference frame situations and free fall, and v. semantic ambiguities surrounding naming
and use of the two physical constructs. We also examined whether or not textbooks
presented the name first or treated the idea first before naming it. The need to consider
this is based on our theoretical position that the underlying physical constructs need to be
taught and understood as far as possible before introducing terms, to minimize possible
semantic confusions or risking students focusing on terminology rather than concepts.
This instructional position of idea before name is in agreement with the stance of Arons
(1973, 1985) and Brown and Ryoo (2008). The need to properly distinguish weight from
mass is another important issue, but although it does present conceptual difficulties for
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students it does not have the semantic problem of different concepts associated with a
single name. Brown (1999) advocates teaching that weight and mass do not identify the
same property of an object.
After conceptualizing language issues, the researchers noted that the two physical
constructs associated with weight may best be understood by considering various
situations and comparison cases involving static and accelerating situations. Thus the
study devotes some time to the physics of the issues. This then helps to meet the research
goal on how textbooks explain the various conceptual issues or meanings associated with
weight. Considering and comparing different instances in presentations of concepts fits
with the advice of Touger (1991) that reinforcement of appropriate usage of words in
diverse instances can help establish the scope of the concept. Some cases may also be
also be familiar to many people from either experience or portrayal in books and movies,
e.g. riding in an elevator, objects in water, and astronauts in spaceships. The following
classification was helpful in addressing the different ways that the term weight is used: i.
treatment of ‘static’ situations (or nearly static situations), e.g., familiar measurements of
weight on the earth. This could extend to discussion of forces for objects submerged in
water, ii. ‘dynamic’ situations involving an accelerated reference frame, and the idea that
scale weight depends on whether the frame is accelerating or not, iii. specific
discussions for particular cases: object on the moon or another planet, accelerating
elevator, orbiting spaceship, rotating earth, and rotating space station (“artificial
gravity”).
A preliminary coding scheme was devised based on the issues identified by the
researchers, while leaving open the possibility that further insights and coding categories
would arise during textbook perusal, leading to modification of the scheme. The coding
was arrived at following Weber (1990); the preliminary scheme was pilot tested on a first
sample of four textbooks (20% of the total), consequently revised, then applied to a
different set of 4 books, independently coded by the two researchers to ascertain the
extent to which the scheme was appropriate to the task and produced agreement. A
Cohen's kappa value of 0.8 was already obtained by this first comparison stage, showing
fairly strong agreement (Landis & Koch, 1977), and with known reasons for marginal
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decisions. This constituted a pilot test of initial reliability (e.g., Neuendorf, 2002). Some
discrepancies were then resolved through discussions, resulting in further scheme
refinement and extension, while at the same time the occurrence of new aspects in
textbooks was saturating. The choice of a 20% subsample size was in agreement with
social science research methods (Wimmer & Dominick, 1994).
In this manner, and based on our theoretical perspectives regarding potential
approaches to dealing with the constructs and language, a 14-item coding scheme for
textbook treatments was developed. The modifications made leading to the final scheme
involved refinement of the categories or wording changes to eliminate ambiguities in the
scheme as suggested by Weber (1990). The coding scheme is conveniently divided into
two sections: i. language and concept introduction aspects (items 1 to 6) and ii. the
physics concepts and principles (items 7 to 14). These two sections target mainly the first
and second research sub-questions (under textbook analysis), but note that the language
and the physics are interrelated in practice; it nevertheless proved useful to cluster them
as we did. The coding scheme is provided in Table 2, with description of the 14 coding
aspects and the rating schemes used. The number of books found to fit in each category is
included here, and also discussed with the results. The following letter notation was used
to rate the textbooks on their treatments of the physics regarding weight (items 7 to 14):
in relation to our coding scheme. A = Excellent, B = Good, C = Satisfactory, and D = No
Mention. This rating is similar to the one used by Niaz et al. (2010). The “languagerelated” items (items 1 to 6) did not receive the same treatment because they deal with the
somewhat more subjective question of semantic preference. The rubrics for all items are
discussed within the coding scheme. By design, an entry in each item can only be
classified as one of the alternatives provided. Using this coding scheme the first author
then continued to analyze all the remaining textbooks, with the analysis process checked
repeatedly during this stage. Toward the end of analyzing all 20 textbooks, no further
variations in treatment or additional examples relevant to the study goals were being
found, suggesting saturation. The number of books found in each classification category
is included in the right hand column of the coding scheme (Table 2), and is discussed in
the results section.
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Textbooks’ Development of the Concepts and Use the Terms
As discussed in the previous section, a coding scheme was developed to
categorize various aspects related to a textbooks’ treatment of weight and related terms.
Results are presented in Table 2. Table 3 provides the results of the analysis, by textbook
and coding item, using letters from A to E to characterize the way the identified aspects
were treated in the textbook. Letters correspond to those used alongside the item
descriptions in the coding scheme.
Table 2: Coding scheme and number of books in each classification
Language and concept introduction
Item/description
Classification
1.

Book’s primary or preferred definition of the
term “weight”: A preliminary textbook analysis
and literature review showed that we could
classify weight definitions in several categories.

2.

Introducing weight: Textbook perusal indicated
that some authors start with the term “weight” and
then define it using concepts that are not yet
known. Others start with a physical description of
a concept (e.g., gravitational force) and name it
later as weight. Yet others give name before
concept in one section and the reverse in another
sub-section, and these were classified as mixed or
unclear. It was sometimes not clear where such
textbooks formally introduced the term.
Special name (or preferred name) for the
gravitational force: A gravitational force exists
due to the existence of at least two masses. A
special name is any other familiar name that
appears as a synonym for gravitational force.
Textbooks which named gravitational force first as
“weight” and then next as “true weight” in trying
to distinguish “apparent weight” are classified as
“weight” then “true weight”. Here “true weight”
also stands in for terms “normal weight”, “real
weight”, or “actual weight”. Textbooks that
distinguish between weight and gravitational force,
have no other special name for gravitational force.
Special name (or preferred name) for scale
force: A scale force is the force exerted by the
scale or supporting surface on the object or vice
versa, and is given by the scale reading. Various
names are attached to this concept.

3.

4.
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Earth’s gravitational force.
Net gravitational force
Scale force
ISO definition
Magnitude of earth’s
gravitational force
A. Idea before name
B. Mixed/unclear
C. Name first before idea
A.
B.
C.
D.
E.

Number
of books
11
2
3
1
3
9
5
6

A. Weight
B. “Weight” then “true weight”
C. Gravitational force

4
9
7

A.
B.
C.
D.

2
9
1
8

Weight
Apparent weight
Effective weight
Scale force/reading

Table 2–Continued
5.

6.

The book’s preferred term/phrase for the state
of free fall: Free fall is often defined as moving
under the influence of gravity only. Special names
or phrases are attached to the state of an object in
free fall with regard to “weight”.
Semantic ambiguities: For textbooks that
addressed the two constructs as distinct, we were
here not concerned with name or phrase, but
whether the two concepts were used consistently
and named differently within the book.

A.
B.
C.
D.

Weightlessness
Apparent weightlessness
Effective weightlessness
Not mentioned

A. No ambiguities
B. Inconsistent use of weight as a
gravitational force
C. Same term “weight” for
gravitational and scale forces
D. “weight” vs. “apparent weight”
unclear.
Physics concepts and principles
Item/description
Classification

7.

Properties of weight: Textbook treatments of the
following i. weight (either construct) is not a
property of a single object, differing in that regard
from mass or it is an extrinsic feature of an object
unlike mass. ii. weight does not have a unique value
but depends on situation. iii. statement or equation
relating weight to the gravitation mathematical
expression, and/or being explicit that scale reading
depends on whether an object is accelerating or
not.
8. Treatment of basic non-accelerating case:
Explication of the relation between gravitational
and scale force, for an object at rest. This item is
satisfied by the following aspects: i at rest (on the
Earth’s ground), the gravitational and scale forces
are equal in magnitude, ii the book reminds readers
that aspect 1 is true when the earth is assumed to be
a non-accelerating frame, and iii an illustration of
both force vectors acting on an object at rest.
9. Treatment of buoyancy effects: Archimedes’
principle discussions have the potential to extend
the discussion of gravitational and scale forces in
static cases. This item is satisfied by the following
aspects: i statement or equation relating
gravitational and scale forces to buoyant force on a
submerged or floating object, and ii an illustration
indicating buoyant, gravitational, and/or scale
forces.
10. General idea of accelerating situations and
weight: The situations in which weight is relevant
fall into two fundamental categories: (1) nonaccelerating situations and (2) accelerating
situations. We looked for: i. explicit recognition of
the two fundamental categories and the distinction,
and ii. treatment of at least two accelerating
situations.
11. Elevator example: The relationship between

51

7
10
1
2
10
7
2
1

A.
B.
C.
D.

Excellent (aspect i, ii, and iii)
Good (aspect ii and iii)
Satisfactory (aspect iii)
Not treated

Number of
books
13
5
2
0

A.
B.
C.
D.

Excellent (aspect i, ii and iii)
Good (aspect i and iii)
Satisfactory (aspect iii)
Not treated

5
13
0
2

A.
B.
C.
D.

Excellent (aspect i and ii)
Good (aspect i)
Satisfactory (aspect ii)
No or treated without
emphasis to both aspects

10
1
4
5

A.
B.
C.
D.

Excellent (aspects i and ii)
Good (aspect i)
Satisfactory (aspect ii)
Little or no recognition of
non-accelerating and
accelerating situations as they
relate to weight

4
1
7
8

A. Excellent (aspect i, ii, and iii)

11

Table 2–Continued
gravitational and scale force is commonly
demonstrated by the case a scale in an elevator.
Here we looked for: i. force diagrams for various
elevator motions, ii descriptive comparison of
gravitational and scale forces, and iii. use of
Newton’s second law to relate forces.
12. Spaceship example: The case of astronauts in an
orbiting spaceship involves issues of gravitational
force, scale force, orbital motion, ‘free fall’,
“weightlessness” and the distinction between
constructs, whatever the names used. We looked for
treatments explicating these aspects clearly (see the
discussion section).
13. “Artificial gravity”: This case, for example a
rotating space station, has potential to further clarify
the distinctions between forces and the notion of
‘weight’. Aspects i. discussions using physics
principles, ii. use of illustrations, iii. descriptive
statements, iv left as an exercise.
14. Effect of the earth’s rotation on weight: Aspects:
i the centripetal force is the net force of the
gravitational and scale forces that keeps the object
that is on the scale in circular motion, ii mentions
that rotation affects scale weight, and iii left as an
exercise/problem.

B. Good (aspect i and ii)
C. Satisfactory (aspect ii)
D. Elevator problem left as an
exercise or absent

1
6
2

A. Excellent: full treatment.
B. Good: most aspects dealt
with
C. Satisfactory: correct
statements with little
explication.
D. Not noted or treated.
A. Excellent (aspect i & ii
B. Good (aspect iii)
C. Satisfactory (aspect iv)
D. Not done or mentioned

8
2

A.
B.
C.
D.

6
5
4
5

Excellent (aspect i & ii)
Good (aspect ii)
Satisfactory (aspect iii)
Not mentioned

5
5
9
0
6
5

These overall results were analyzed in subsections in relation to the two research goals.
Items 1-6 of the coding scheme were used to examine the language issues associated with
weight as treated in textbooks. These items ask about definitional preferences for the term
“weight”, how the term “weight” is introduced, terminology preferences for i.
gravitational force, ii. scale force, and iii. the state of free fall or ‘weightlessness’. This is
followed by a discussion of an item related to ambiguities in naming and using of weight
and related terms. The section ends with a discussion of what (if any) textbooks do to
help readers understand the ambiguities and confusions surrounding weight.
Definitions
Eleven out of the twenty textbooks (Table 2, item 1) defined the term “weight” as the
Earth’s gravitational force. Textbooks which gave a net gravitational definition presented
it as an extension to the former definition. For example, Hobson (2007) stated that “It is
useful to extend the meaning of the word “weight”… The weight of an object refers to
the net gravitational force exerted on it by all other objects” (p. 78). The scale force
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(operational) definition of weight was much less preferred in textbooks, despite its strong
advocates in the literature.
Table 3: Overall results of the textbook analysis
Text/Item

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Bauer and Westfall (2011)

E

A

C

B

D

A

C

D

A

D

D

D

C

A

Cassidy et al. (2002)

A

C

B

D

B

A

B

B

D

D

C

A

D

D

Cutnell and Johnson (2009)

A

A

B

B

B

A

A

B

C

D

A

A

A

D

Giancoli (2000)

A

B

B

B

B

B

A

B

A

C

A

A

C

A

Halliday et al. (2005)

C

A

C

B

A

D

A

A

A

A

A

C

D

A

Hecht (1998)

A

C

B

C

C

A

A

A

D

C

C

A

A

A

Hewitt (2006)

C

C

C

A

A

C

B

A

B

A

B

B

A

B

Hobson (2007)

B

B

A

D

B

A

A

B

D

D

C

A

D

D

Jones and Childers (1999)

D

C

C

B

A

C

B

B

A

A

A

C

A

B

Kirkpatrick and Wheeler (2001)

A

B

B

D

B

B

B

A

D

C

C

C

A

B

Kirkpatrick and Francis(2010)

A

B

B

B

B

B

A

B

C

D

C

C

A

C

Knight (2013)

C

A

C

A

A

A

A

A

A

A

A

A

C

A

Nolan (1995)

A

A

A

D

D

A

B

B

C

C

A

D

C

B

Ostdiek etal. (2005)

A

C

A

D

A

B

A

D

A

D

D

D

A

D

Serway (2010)

E

A

C

D

B

A

A

B

A

D

A

D

C

C

Serway et al. (2006)

E

A

C

D

A

B

A

B

A

B

A

D

A

C

Trefil and Hazen (2004)

A

A

A

B

B

B

B

B

D

D

C

C

D

D

Walker (2002)

A

B

B

B

A

A

A

B

A

C

A

A

D

C

Wilson and Bufa (1997)

A

C

B

B

B

B

A

B

C

C

A

A

A

A

Young and Geller (2007)

B

A

B

D

B

A

A

B

A

C

A

B

C

B

Interestingly, scale force definitions came in different forms and not always precisely ;
for example Hewitt (2006), states:
When we discussed rotating environments in Chapter 8, we learned that a support force can occur
without regard to gravity, so a broader definition of the weight of something is the force it exerts
against a supporting floor or a weighing scale (p. 167).

It is unclear why Hewitt (2006) describes this as a ‘broader’ definition than his initial
definition as gravitational force when in fact it is a definition of a distinct concept (scale
force). The following is a discussion of the issue by Knight (2013): “Some textbooks
define weight as the gravitational force on an object, w = (mg, down). …This textbook
prefers the definition of weight as being what a scale reads, the result of weighing
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measurement” (p. 147). Thus, while Hewitt (2006) surprisingly designates the scale force
as a broader definition of the term “weight”, Knight (2013) notes that it is a definitional
preference. The scale force definition by Halliday, Resnick, and Walker (2005) comes in
a different form: “The weight W of a body is the magnitude of the net force required to
prevent the body from falling freely, as measured by someone on the ground” (p. 96).
The authors impose conditions on this definition by saying that the weight of a body must
be measured when it is not accelerating.
Scale force definitions were also associated with other phrases like: “apparent
weight” and “effective weight”. For example, Hecht (1998) stated, “We define effective
weight of an object as the force it exerts on a scale” (p. 162). Note that these are not put
forward as definitions of weight, but rather as definitions of “apparent weight” or
“effective weight”, and most of these textbooks define the term “weight” as a
gravitational force. An item of the coding scheme that looked for the naming issues of the
scale force (Item 4) addresses this point. Galili (1995) refers to the scale force definition
of weight as the operational definition.
Other interesting definitions arose from the textbook sample. Three textbooks
defined the term “weight” as the magnitude of gravitational force; e.g., Bauer and
Westfall (2011) stated, “the magnitude Fg is called the weight of the object.” (p. 103).
The definition suggested by the ISO in 1992 was provided only by Jones and Childers
(1999) as: “The weight of a body in a specified reference frame is the force which, when
applied to the body, would give it an acceleration equal to the local acceleration of free
fall in that reference frame” (p. 110). Jones and Childers (1999) consider this as a more
precise definition of the term “weight” than the gravitational definition of weight which
they share earlier on in the chapter.
All the definitions found have close associations with either the gravitational or
scale force definitions. Thus, the net gravitational force and the magnitude of
gravitational force definitions may be associated with the gravitational force definition,
and all give non-zero value for weight in free fall. (Galili, 2001) contends that operational
definitions of weight may take various forms including: the force exerted by an object on
a scale, the force exerted by the scale on an object, or by contrast the force exerted on an
54

object causing its spontaneous fall with an acceleration which can be measured. Thus our
main weight constructs remain the gravitational and scale forces.
Concept introduction
About half of the textbook sample described the idea behind weight before introducing
the name itself (Table 2, item 2), and about half took the reverse approach. The first set of
textbooks thus took the approach called “idea first and name afterwards” (Arons, 1985, p.
145), an approach that has been shown (empirically) to be effective in student learning
(Brown & Ryoo, 2008). It tended to be done by either explaining the nature of
gravitational force or systematically applying Newton’s second law to a falling object and
then attaching the name “weight” to the established idea. However, other books tended to
introduce terminology before ideas; e.g., Hecht (1998) wrote, “Weight is the downward
force experienced by an object (usually near the surface of the planet) as a result of the
earth-object gravitational interaction” (p. 101). This definition is presented before the
notion of “gravitational force” has been clarified. Although words may be important for
communication they are ‘symbols’ which can be replaced while keeping the physical idea
the same (French, 1995). Part of the problem in failing to put the idea first is that of topic
sequence. For example, Newton’s law of universal gravitation often appeared later than
formal weight definitions. However, some textbooks (e.g., Halliday et al., 2005) briefly
introduced gravitational force before talking about weight. Nevertheless, a few textbooks
were unclear. For example, Giancoli (2000) introduces weight as a gravitational force in
a heading, then goes on to briefly describe the idea of gravitational force and naming it
afterward as weight. Such textbooks were classified as mixed or unclear for this coding
item.
Terminologies
Gravitational force was associated with weight and “true weight” by nine textbooks
(Table 2, item 3). Seven textbooks did not associate the gravitational force with any
special name. These textbooks defined weight as either a scale force, net gravitational
force, magnitude of gravitational force or gave the ISO definition. For such textbooks,
weight is not a synonym for gravitational force. Gravitational force was associated with
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“true weight” to distinguish it from the scale force. Similar phrases to “true weight” were
found, including “normal weight”, “real weight”, and “actual weight”. This illustrates the
semantic problems that necessarily arise when two distinct constructs are known by the
same name. As noted, some textbooks change from calling the gravitational force
“weight” to “true weight” when discussing the elevator or spaceship problem, and refer to
the scale force as the “apparent weight”, with these phrases presumably aimed at
differentiating gravitational force and scale force. While some textbooks assign special
names to the scale force, others do not; they instead use a direct phrase, such as, the force
exerted on a scale by an object or the force the scale/support exerts on a body. This is a
direct way of referring to a concept, unlike the historical phrase “apparent weight” built
on the established name “weight”. Table 2 Item 4 indicates that eight textbooks
frequently used a direct phrase as opposed to special names like “apparent weight” or
“effective weight”, a sign of moving away from the polysemous term “weight” while
keeping the discussion the same and reducing semantic difficulties.
Clearly, differing name or phrase usages for the same physical concept will cause
confusion and learning difficulties for students, and this may even be exacerbated if they
consult several textbooks to increase their knowledge. Even students using a single
textbook could face ambiguities and inconsistencies in the use of the term “weight” and
related terms within that book. Some textbooks which gave the gravitational definition of
weight introduced the term “weightlessness” and later on adopted the term “apparent
weightlessness” (e.g., Wilson & Bufa, 1997). Such textbooks cautioned readers that the
term “weightlessness” is a misnomer. Textbooks which had either the scale force or the
ISO definition of the term “weight” used the term “weightlessness” to describe the state
of free fall. Across the textbooks we also observed variations in the description of the
state of ‘free fall’. Table 2 Item 5 indicates that there are several variations across
textbooks regarding naming of the status of free fall just as there are variations in naming
the gravitational and scale forces.
From the ISO definition of weight, troublesome terminological as well as
conceptual issues arise when discussing the state of free fall, such as the one experienced
by astronauts in a spaceship. The ISO definition states that “the weight of a body in a
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specified reference system is that force which, when applied to the body, would give it an
acceleration equal to the local acceleration of free fall in that reference system”(p. 238)
(Iona, 1999). Denker (2002) using a similar definition argues that weight really should be
frame dependent such that it makes sense to say that astronauts are weightless with
respect to the spaceship frame even if not with respect to an outside observer in an
inertial frame. Denker advocates that frame of reference should be an essential part of
such discussions. Note that many less than precise discussions of spaceship type
situations implicitly adopt the spaceship frame of reference in their phrasing, and this
introduces further conceptual and language issues. Some experts have noted that there
could be a problem with the ISO definition for not specifying the frame of reference
within which “free fall acceleration” is to be measured or weightlessness should be
described (Iona, 1995). Consequently, as far as the ISO definition is concerned, the
question of whether astronauts in a spaceship are weightless or not depends not only on
the definition of weight adopted, but also on the frame of reference of the observer. This
takes us back to the language issue which is now closely related to a conceptual issue.
Clearly, it is possible to avoid such a confusion if terms such as “weight” and
“weightlessness” are eliminated in the discussion of the physical concepts. In our
textbook analysis, we did not code the textbooks based on whether they discussed this
terminological issue or not, but it was clear that this issue was rarely addressed among
textbooks, most probably because textbooks did not use the ISO definition of weight
which reveals these subtle confusions. The main point is that these confusions are based
mostly on language. When people talk about “weightlessness” in a spaceship, they often
talk in terms of the experiences of the astronauts within the frame of reference of the
spaceship. In doing so, whether they are right or wrong is a terminological and framing
question involving subjectivity. However, the question of what kind of observations or
measurements observers in different frames of reference can infer or make on the
astronauts is entirely conceptual, and could easily be understood among physicists
without employing the ambiguous terms “weight” and ‘weightlessness”.
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Semantic ambiguities
Ambiguities came in different forms, one of which was defining the term “weight” one
way and using it in the text in another (Table 2, item 6). For example, Serway, Faughn,
Vuille, and Bennet (2006) ask: “What weight does the scale read if the elevator
accelerates upward at 2.00 m/s2?” (p. 98). In this case, weight is referred to as a scale
force but earlier the authors defined weight as the gravitational force. The textbook by
Kirkpatrick and Wheeler (2001) defines and uses the term “weight” inconsistently in
different textbook passages. Another form of ambiguity was exemplified by Hewitt
(2006) who inconsistently defined the term, stating that that he was providing a broader
definition while he was actually providing a conceptually different definition. Our
analysis of the language issues indicated various definitional, terminological, and
semantic issues within and across the textbooks. This raises the important question of
whether or not textbooks explicitly mention the language issues and possible confusions
regarding the term “weight”, i.e. its polysemous nature. Indeed, Touger (1991) notes that
students should be explicitly informed of any language in textbooks that impedes
conception. We also believe that textbooks have the responsibility of making students
aware of the issues and teachers could do the same in their classrooms. Only the Knight
(2013) textbook explicitly noted ambiguities associated with the term “weight” as
follows: “Some textbooks define weight as the gravitational force on an object, w = (mg,
down). …This textbook prefers the definition of weight as being what a scale reads, the
result of weighing measurement” (p. 147). Certainly, some textbooks implicitly
acknowledged the ambiguities in various ways. For example Nolan (1995) pointed out
that it is misleading to say that objects in free fall are weightless because such objects still
have weight. However, such textbooks did not tie these implicit statements to the inherent
polysemous nature of the term “weight”.
The text analysis shows that many authors are seemingly either unaware of the
language/conceptual problem, or are trying to avoid the issue by omitting rather than
clarifying. This may be done with the intent of not “confusing" students, but thereby
ensures confusion at some point, as soon as non-inertial reference frames come into play.
To deal with this, authors and teachers may ‘hedge’ by attaching various modifying
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adjectives, thus introducing terms such as “apparent weight”, “effective weight”, “true
weight”, “real weight” etc. These names can themselves cause further confusion.
The Extent to Which Textbooks Address the Language Issues
Items 7-14 of the coding scheme, containing items related to gravitational and scale force
constructs for objects in non-accelerating and accelerating situations were used to
examine how the meanings of the term “weight” are conceptualized and contrasted in
different situations. At the same time the physics is discussed for several reasons: Student
difficulties regarding basic weight-related physics principles are very common for
accelerating objects (Gurel & Acar, 2003; Sharma et al., 2004). Weight-related issues,
e.g., “weightlessness”, have the potential to promote understanding of physics principles
(Galili, 1995; Gönen, 2007), so that discussions of the gravitational and scale force
constructs, and how they relate to each other for objects in non-accelerating and
accelerating situations can reveal a great deal of physics besides the semantic
ambiguities. It can also be argued that once the physics is clear, students can more easily
be made aware of the language issues and consequently they will be aware and careful
when interpreting and using the term. With these arguments in mind, we discuss each
physics item of the coding scheme using the results presented in Table 2. Table 4
illustrates the percentage of textbooks in each of the four categories (A, B, C, and D) of
the physics items of the coding scheme.
Table 4: Percentage of textbooks in each category
Item (%)
Category 7
8
9
10
11
A
65
25
50
20
55
B
25
65
5
5
5
C
10
0
20
35
30
D
0
10
25
40
10

12
40
10
25
25

13
45
0
30
25

14
30
25
20
25

Average
41.25
17.5
21.25
20

Mass and weight
Sixty five percent of the textbooks (Tables 2, and 3, item 7) clearly noted that weight is
not an inherent property of an object, unlike the mass of an object, e.g., Serway (2010)
states:
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We are familiar with the everyday phrase, the “weight of an object.” Weight however, is not an
inherent property of an object; rather, it is a measure of the gravitational force between the object
and the Earth (or other planet). Therefore, weight is a property of a system of items: the object and
the Earth (p. 109).

This has the right spirit but if taken literally strictly as stated then the weights of the earth
and the object would be the same! Many books further clarified by stating that weight on
the moon would be smaller than on the earth, while noting that mass by contrast remains
unchanged. Some textbooks (mostly those associating weight with gravitational force)
justified this aspect with the universal law of gravitation formula. For example, Cutnell
(2009) provides the universal gravitation formula W = G

ME m
r2

to relate the magnitude of

weight, W, mass of the object (m), mass of the Earth (ME) and the distance between m
and ME (p. 97). Some textbooks which gave the scale force definition (see Table 2 and 3,
Item 1) stated that weight also depends on whether an object is accelerating or not (e.g.,
Hewitt, 2006). Although some textbooks noted the changing values of weight in different
locations, and used the law of universal gravitation to explain this, they did not
emphasize that mass is an “intrinsic” property of an object unlike weight. Consideration
of mass as a property of an object (unlike weight) has the potential to help students
distinguish mass and weight. Indeed Brown (1999) contends that “The use of the words
“weight” and “mass” become essentially interchangeable in so many people’s minds
because they seem to both be identifying the same property of the objects themselves” (p.
241).
Treatment of basic non-accelerating case
The majority of the textbooks (65%) treated the basic static cases of weight by using a
figure of an object resting on the ground or table with a force diagram showing as vectors
the gravitational and scale forces (equal and opposite) acting on it (Tables 2 and 3, item
8). However, only 25% of the textbooks reminded readers that although the earth is being
considered an inertial frame, this is only an approximation due to its rotation. On the
other hand some textbooks noted this explicitly, fully meeting the requirements of this
coding item. For instance, Halliday et al. (2005): “Consider a body that has an
⃗ of zero relative to the ground, which we again assume to be an inertial
acceleration 𝒂
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frame” (p. 96) (Our italics). A few textbooks simply mentioned that weight is the
gravitational force, without appropriate illustration (e.g., Ostdiek & Bord, 2005) and
could not meet all requirements of this coding, since the scale force construct can best be
demonstrated by suitable illustrations and not mere text statements. Others only showed
one force in action (due to earth’s gravity) for an object in the static case (Bauer &
Westfall, 2011).
Treatment of buoyancy effects
Discussions of Archimedes’ principle and buoyancy have the potential to clarify the
relationship between gravitational and scale force constructs in the static case, and
explicate the seeming ‘lightness’ of submerged objects. While half of the textbooks took
advantage of this phenomenon to enhance understanding of gravitational, scale forces,
and equilibrium, others did not (Tables 2 and 3, item 9). Yet even lay people have an
experiential intuitive notion that submerged bodies feel lighter. One of the textbooks
which satisfied the requirements of this item, apart from illustrating gravitational and
buoyant forces, indicated that scale reading = weight - buoyant force (Ostdiek & Bord,
2005, p. 155). Some textbooks (e.g., Trefil & Hazen, 2004) discussed Archimedes’
principle without consideration of how the scale force changes for submerged objects and
the way this relationship explains lightness of submerged or floating objects.
General idea of accelerating situations and weight
The central idea that the scale force (operational definition of weight) depends on
whether the object is accelerating or not (with reference to a static frame) is crucial to
understanding the topic in an introductory college-level physics course. Discussion of
weight for both non-accelerating and accelerating objects can help students understand
that weight is not an inherent property of an object, and be aware of the various ways
experts view weight. Unfortunately, few introductory college textbooks (20%) stated this
central idea explicitly, thereby treating the weight concept in a manner similar to lower
levels of schooling (Table 2 and 3, item 10). Only three textbooks stated the general idea;
for example, Knight (2013) wrote, weight, in N [Newton], depends on the object’s mass,
but it also depends on the situation – the strength of gravity and, as we will see, whether
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or not the object is accelerating” (p. 146). In another textbook by Serway et al. (2006),
this general idea is put as “accelerations can increase or decrease the apparent weight of
an object” (p. 99). However, this was implicitly presented with reference to a specific and
limited case of the elevator problem. We argue that the complexities associated with the
physics of weight are due to lack of consideration of whether an object is accelerating or
not, especially considerations of forces on an accelerating object. The study indicates that
there are relatively few problems in textbook presentations related to weight for ordinary
everyday situations, i.e., non-accelerating situations where the gravitational and scale
forces have equal magnitudes. However significant conceptual and language problems
arise for accelerating situations, and particular cases of this are discussed below.
Elevator example
One of the special cases of accelerating situations is the elevator example (Tables 2, and
3 item 11). Fifty-five percent of the textbooks showed the relationship between the
gravitational and scale forces for various states of motion of the elevator through the use
of Newton’s second law and relevant illustrations and force diagrams such as that in
Figure 2. Some textbooks however employed descriptive statements without going into
physics principles. For example, Hobson (2007): “suppose you are in an elevator and the
elevator cable breaks. The elevator cable is then in free fall, and so are you. After the
cable breaks, your feet no longer press down against the floor” (p. 96). Other textbooks
omitted the elevator case (e.g., Bauer & Westfall, 2011). This made it difficult to deal
with the two constructs involved, without an explicit example and one that people may
have experienced in real life.
Spaceship example
Another situation involving an accelerating situation that is commonly discussed is that
of astronauts in an orbiting spaceship. It has physics similarities to the case of an elevator
where the cable breaks so that it is in ‘free fall’ under the influence of gravity, except that
the space ship also has transverse orbital motion. Tural et al. (2010) argues that students
have problems in conceptualizing orbital ‘free fall’ in that they do not recognise an
orbiting spaceship to be in ‘free fall’, which is not surprising since using this term clearly
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has semantic issues: the word ‘fall’ has the common implication of falling downwards
(toward the earth) and application of the term to orbiting situations is probably not
particularly helpful. A related result is given by (Galili & Lehavi, 2003), who reported
students’ difficulties in recognizing that the Earth is in ‘free fall’ with respect to the moon
in agreement with findings by DiSessa (1993). We found that 40% of the textbook
sample treated the spaceship problem with a discussion of orbital free fall as it relates to
dropping free fall (Tables 2 and 3, item 12). For example, Cassidy, Holton, and
Rutherford (2002) argued:
But astronauts orbiting the Earth seem to be weightless, floating in their spaceship. Does this mean
that they are beyond the Earth’s pull of gravity and therefore really weightless? The answer is NO
they are still being pulled by gravity, so they do have weight. But they cannot experience this weight
because, while they orbit the Earth or the Moon, they are in free fall! (We will come to explain this
curious phenomenon in Section 3.11) (p. 139).

Some textbooks treated this item without noting possible student conceptual difficulties
with orbital motion, or only by saying that astronauts are in free fall e.g., Hewitt (2006)
says “astronauts in orbit are in a state of continual free fall” (p. 166) and others did not
mention this at all (e.g., Serway, 2010), although some clarified the situation in another
section of the book. We argue that it is pedagogically desirable to explicitly address
conceptual and semantic difficulties associated with the situation of astronauts in an
orbiting spaceship. Most textbooks’ extended the discussions of free fall in an elevator to
the spaceship case, and then made the required clarifications of orbital motion, though
not all mentioned the general idea of accelerations and weight. While some textbooks
explained “weightlessness” by stating that both astronauts and spacecraft are in continual
free fall (e.g., Hobson, 2007), others, (e.g., Halliday et al., 2005) reasoned that both
astronauts and spacecraft are in (nearly) circular motion. The first reasoning is an
extension of the elevator case, while the second may pose its own conceptual difficulties
if not clarified since not all objects in circular motion experience “weightlessness”. For
example, a person in a car going in a circle cannot be “weightless’ although he/she might
be moving in circular motion with the car. Some textbooks (e.g., Young & Geller, 2007)
employed both types of reasoning (i.e., astronauts are in free fall and that they are moving
in orbital motion with the spaceship), Twenty-five percent of the textbooks omitted the
spaceship situation.
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“Artificial gravity”
Another rather different accelerating case of relevant to the discussion of weight is that of
a space station rotating to provide “artificial gravity”. The underlying physics of this
situation is the same as the other accelerating cases considered. The two space cases
differ in that for the orbiting astronaut gravity constitutes the centripetal force, while in
the rotating space station the normal force by the inner wall provides the centripetal
force. The physics of “artificial gravity” is interesting in that it explains how a person
who would otherwise be “weightless” in space may experience “gravitation-like effects”
if the space station is spinning. Nine out of the twenty textbooks devoted adequate
attention and space to this item with relevant diagrams (Tables 2 and 3, item 13). Such
textbooks tied the physics of “artificial gravity” to the notion of weight. For example, in
Cutnell (2009) says: “The normal force applied to the astronaut’s feet by the floor is the
centripetal force and has magnitude equal to the astronaut’s earth-weight” (p. 149).
Several textbooks just left the discussion as an exercise/problem or omitted it (Table 2).
Effect of the earth’s rotation on weight
The final notable case of accelerating situation is the rotating earth. Only six of the
twenty textbooks fully treated this aspect using physics concepts like centripetal force
(Table 2, item 14). Several textbooks did not compare and contrast gravitational and scale
forces on an object taking the earth’s rotation into consideration. Yet this case provides a
good distinction between the actual measured value of the acceleration due to gravity on
the earth and the value that is obtained theoretically from the universal law of gravitation
where rotation is not taken into account, and can highlight the scale force construct, often
called “apparent weight”. In their discussion of a crate on a scale at the equator, Halliday
et al. (2005), treat this aspect clearly and note that “the measured weight is less than the
magnitude of the gravitational force on the crate, because of the Earth’s rotation” (p.
336). This is done with the application of Newton's second law and circular motion
principles. The discussion (p. 336) also provides a distinction between free fall
acceleration due to gravity (g), gravitational acceleration (ag), and centripetal acceleration
(ω2R), namely 𝑔 = 𝑎𝑔 − ω2 R, where ω is the Earth’s angular speed and R is the
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approximate radius of the earth. The distinction between free fall acceleration and
measured ‘acceleration due to gravity’ has also been suggested by Bartlett (2010) as a
way of better conceptualizing weight on a rotating Earth. Several textbooks simply
mentioned the effect, some left it as an exercise and others omitted it.
Sequencing
Topic sequencing in textbooks sometime affected the way weight was introduced and
treated. Circular motion and centripetal acceleration may or may not be in the same
chapter as discussion of weight in the orbiting spaceship case for example, and chapter
orders varied somewhat. In static situations the potential for confusion about weight is
less, since both gravitational and scale force definitions, though conceptually different,
give the same value for weight, and are not directly at odds with everyday usage.
However if the two physical constructs and terminology issues are avoided at this stage
for ‘simplicity’, then the issues only surface again later in for the more general
accelerating cases. Further, discussing weight in multiple cases can potentially strengthen
student understanding of all the concepts involved. Several authors (Heywood & Parker,
2001, 2010; Touger, 1991) stress the need to employ multiple diverse instances to
reinforce both conceptual understanding and word usage.
This chapter has presented textbooks’ treatment of weight and related terms. It
has been shown that half of the textbooks introduce names (such as weight) prior to ideas
(underlying concepts). Several textbooks inconsistently employ the term “weight.”.
Language issues are rarely explicitly addressed. The terms are not discussed in multiple
physical situations, thereby concealing the language issues. These results led to the
design, implementation, and assessment of a novel instructional approach as will be
discussed in the subsequent chapters.
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CHAPTER 4: MODULE DEVELOPMENT AND IMPLEMENTATION
This chapter discusses the development of an instructional unit and knowledge survey for
“WWFF. This includes a discussion of the content and structure of the module, creation
of instructional objectives and corresponding in-class assessment items, and creation of
the overall summative assessment items related to WWFF. It also presents how the
module was implemented in an introductory physics course.
Development of the Module and Corresponding Assessment Items
Design issues
The design process was accomplished using the results of the literature search, textbook
analysis, and teaching experience (innovative ideas). Thus the instructional design and
corresponding assessment items were intended to overcome conceptual and language
difficulties that have been noted from literature review and textbook analysis. The
targeted language issues are as follows. First, the term “weight” is ambiguously defined
(e.g., as a gravitational force or as a scale force) and serious confusions in terms of
communication arise in accelerated frames like in free fall (Morrison, 1999). Second,
there is conflict between everyday and scientific language associated with the term “free
fall” (e.g., everyday language associates the term “fall” with what happens to an object
during dropping, but in physics any object accelerating under the influence of gravity
only is in “fee fall”) (Chandler, 1991; Gurel & Acar, 2003). Moreover, the term “free”
brings with it a wrong understanding that objects in free fall moves without the action of
any force at all. Third, the description of objects in free fall is ambiguous because it
depends on how one defines weight. For instance, those who define weight as a scale
reading describe objects in free fall as being “weightless” and for them “weightlessness”
is a reality (Galili & Lehavi, 2003). On the other hand, those who define weight as a
gravitational force describe objects in free fall not as “weightless”, but “apparently
weightless” and for them; “weightlessness” is a misnomer and a feeling not a reality.
These language difficulties have either been speculated and/or verified to be the source of
alternative conceptions of several other physics concepts or principles (Chandler, 1991;
Galili, 1995; Gurel & Acar, 2003; Sharma et al., 2004; Tural et al., 2010). These include
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an alternative conception that there is no gravity in the coasting spaceship,
misunderstanding of contact forces, weighing procedures, range of gravitational
interaction and the nature of gravitational force. Thus the new instruction shall have to
deal with two distinct but related issues: conceptual and language issues, making sure that
concepts are understood, at the same time students’ learn the language issues, for their
own affective benefits and awareness of the nature of scientific communication.
Relevant solutions to deal with conceptual and language difficulties as proposed
in the literature (e.g., Arons, 1983; Arons, 1984; Brown & Ryoo, 2008) were employed.
Arons (1983) and other scholars have advocated that ideas or concepts should be
introduced first prior to terminology to improve conceptual understanding. There is an
empirical evidence of the effectiveness of the latter approach in students’ learning of
photosynthesis (Brown & Ryoo, 2008). The literature has also revealed a huge advocate
for being explicit to students with language that is ambiguous (Carroll, 1964; Flodin,
2009; Touger, 1991). This understanding entails that students need to be taught about
contextual interpretation of meaning (Hutten, 1948). The literature also indicates the
importance of revealing to students differences between everyday and scientific meanings
of terms (Itza-Ortiz et al., 2003; Williams, 1999). Explicit acknowledgement of language
difficulties in everyday as well as scientific language has both cognitive and affective
gains, as the approach acknowledges the students’ conceptualization (Wiser & Amin,
2001). Some physics education researchers (e.g., Heywood & Parker, 2001; Heywood &
Parker, 2010; Touger, 1991) have advocated for reinforcement of appropriate usage of
words or concepts in diverse instances (contexts). The analysis of textbooks indicated
that all these potential solutions to language problems are not applied to the case of
weight, weightlessness, and free fall. For instance, a given textbook defines the term
“weight” in its own way, without acknowledging the existence of the other, but
unknowingly happens to use terms inconsistently in various parts of its chapters.
In light of the above, the anticipated approach was to teach the two major
constructs associated with weight and their relationship to each other in various
situations, develop concepts prior to terminology, and make the language issues explicit.
Specifically, the unit employed concept representations such as figures, simulations, and
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clear descriptive phrases, such as gravitational force or scale force to denote the two
major constructs of “weight”. Ambiguous terms (e.g., weight) were avoided at the
beginning. The two constructs were then introduced in static situations, then later in
accelerating situations, such as the elevator and the orbiting spaceship. The two
constructs and their relationships were further discussed in additional contexts such as on
the moon and cases where objects were immersed in a liquid. The intention was to help
students grasp the concepts without worrying about terminological difficulties. Later in
the unit, the instruction made the language issues explicit. Students were given a chance
to debate about the issues and appreciate the fact that experts may differ in the way they
communicate the same concepts or ideas. Such an instructional unit promised to deal with
both conceptual and language difficulties identified and understood so far. After so many
years of debate, the unit under consideration promised to nullify a “fruitless” argument
among physics educators regarding which one is the “right” definition of weight and
satisfied students intellectually by learning that, terms, both in science and everyday
language are generally polysemous (Mortimer, 1995).
The draft instructional unit was then shared among section instructors, science
education experts, and the course coordinator to check the appropriateness of content,
flow and timing. Revisions were made through discussions until final copies were agreed
upon ready for implementation. At this time, all the necessary materials (e.g., bathroom
scales, videos, or interactive media) had already been gathered and tested (through
simulated teaching) amongst all the instructors, laboratory manager, and the researchers
(Hashweh, 1987).
Feedback from experts
The draft instructional unit was then shared among section instructors and the course
coordinator to check the appropriateness of content, flow and timing. The following
suggestions were made for the initial draft: (1) the module needed to be divided into
“concept units” to address the various learning objectives, (2) there was a need to include
instructional objectives and assessment items after discussing each ‘concept unit”, (3) the
module needed to be interactive, in the sense that it follows the teaching approach for the
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entire course, (4) the module needed to be less mathematical (for example Newton’s
Universal Law of Gravitation should be studied qualitatively), (5) the module should
avoid terms such static, inertial, non-inertial frames, and dynamic, (6) the module should
be accompanied by lesson plans, (7) the module should be less wordy and include more
representations, and (8) the module should exclude complex physical situations such as
the rotating earth and artificial gravity.
In response to the above comments, the researcher divided the module into
“concept units” to address various learning objectives of the module. Each concept unit
was followed by “concept unit” objectives, and then by assessment items. The objectives
and assessment items, although several, were based on the theoretical positions that
guided this study. For example, students were asked to discuss some of the language
difficulties associated with WWFF. This is a direct need for one of the theoretical
positions that students should be aware of any possible language difficulties. The
mathematical form of the universal law of gravity was replaced by qualitative statements,
elevator mathematics was simplified, and the language of frames of reference was
removed or minimized. Five lesson plans were developed and shared among the
instructors. It appeared that these lesson plans were not all that useful as they resembled
very much the modified version of the instructional module. Indeed the modified module
was instructor friendly as it was designed as a workbook, having student activities, a list
of required materials, spaces for students to fill, and some notes. The wording of several
sections substantially changed also in response to the expert reviews of the initial module.
Two physical situations were excluded from being discussed in the module: the rotating
earth and artificial gravity owing to their difficulty and considering the targeted students.
After revisions were made the final copies were agreed upon and sent to the experts and
instructors for additional feedback. This time around the only changes were on wording
of some sections of the module. At this time, all the necessary materials (e.g., bathroom
scales, videos, or interactive media) had already been gathered and tested (through
simulated teaching) amongst all the instructors, laboratory manager, and the researchers
(Hashweh, 1987). Additional modifications were made after implementing the module in
Spring 2014. The major modification had to do with the structure of the module. Note
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that in Spring 2014 all physical cases (on earth, on the moon, elevator, in water, and
spaceship case) were taught without employing WWFF and the language issues came
later. However, in the Fall 2014, language issues were discussed after exploring each
physical context.
Implementation and Feedback from Instructors
The new module was then implemented as an extension to the dynamics section of the
physics course. This course is intended for Pre-service Elementary and Middle School
Teachers (PEMTs). These PEMTs were enrolled in three sections of the course in the
2014 spring and fall semesters at a Mid-Western University, USA. PEMTs were chosen
not only as a convenience sample, but also due to the fact that they introduce children to
the scientific concepts and language. The mechanics section has two parts: kinematics
and dynamics. Thus, the instructional module was implemented after the kinematics and
dynamics sections of the regular mechanics course. The current approach to teaching this
class usually combines discussions, laboratory, and inquiry learning approaches. The
teaching of the new module proceeded in a similar fashion since the classes are already
designed that way. Instructors of each of the three sections were involved in the teaching,
coordinated by the researcher. The researcher also was involved in the teaching in line
with one of the needs of action research that requires the researcher to be involved in the
study while collaborating with others (Creswell, 2002).
As describe above, the researcher met each instructor before and at the end of
each class to prepare and/or discuss the lesson respectively. Sometimes instructors could
write down their reflections of a given class. The following is a summary of the
comments that were made during the implementation process.
Instructor A: He raised issues regarding the presentation of a spaceship problem. He
mentioned that it would be nice to explain clearly that the spaceship is constantly falling.
The instructor cited that the biggest difficulty was getting students to understand why
objects in a spaceship float. He noted that the idea that everything is technically falling at
the same rate did not seem to convince students very well. The researcher acknowledged
this difficulty and pointed out to the instructor that the literature supports the pedagogical
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difficulty also. The researcher then gave some extra suggestions to explain floatation: (1)
the connection between elevator “free fall” and spaceship “free fall” needs to be clarified
to students, (2) the concept of “free fall” needs to be explained to students in terms of (a)
conceptual issues, and (b) language issues. On conceptual issues, the instructors were
advised to remind students that free falling means motion under the influence of gravity
only. Further, instructors needed to show a video on how a feather and bowling ball may
appear to float with emphasis to Galileo's leaning tower of Pisa experiment. Language
wise, instructors were advised to emphasize the fact that the term “free fall” could also
mean an object orbing, going up, or moving sideways, and the language issues associated
with “fall” and “free” should be acknowledged. Instructor A also asked for a number of
clarifications on the wording of some sections and questions including redundancies. For
example, he made a note on the following question: “Which of the following is true about
a spaceship that orbits at 100km above the earth? (A) The gravitational force acting on it
is very close to that on the earth, (B) There is no gravitational force acting on it. His
concern was on the use of the phrase “very close”. This concern was sorted out by adding
additional distractors to the question and rewording the rest of the responses. On his part,
the instructor advised that a video demonstration or a simulation/activity might help
students to understand floating rather than just telling them. In the next run of the
module, a video was provided to the students together with drawing activity to explain
more about flotation. Instructor A also mentioned about his favorites in the new module.
These included the elevator discussions, buoyancy, and discussions of the topic on earth.
Indeed he enjoyed teaching the gravitational and scale forces on earth and cited that
several students finished early on their activities involving gravitational and scale forces
on earth. He thought that the elevator and buoyancy problems clearly brought out the
conceptual and language issues associated with weight and that students enjoyed the
elevator and buoyancy demonstrations. The instructor further commented that students
learned, largely through the questions that were placed within the “concept units” as well
as at the end of each concept unit. He asserted that the two handouts on weight and mass
that were given to students in class should be assigned as homework and concentrate on
hands on activities in class. Since this was the first time to teach the topic, the instructor
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also felt that time was not on his side in terms of preparation and implementation and felt
rushed, going through the module.
Instructor B: This instructor was mainly concerned with the wording of the document,
aesthetics, and symbols. At the end of each class, he cited various places that needed to
be changed. Here are some examples: (1) He suggested that acceleration due to gravity
should be represented as ag and not g, (2) that boxes for student responses should be used
sparingly, (3) that the force due to gravity should be represented as Fg and not FG,. The
instructor also pointed out content issues, as follows: (1) that buoyancy experiment
should involve the use of multiple liquid; (2) buoyancy experiment should also be used to
explain weightlessness, just as the spaceship case; and (3) that the spaceship case should
be presented with the aid of a simulation. All the comments were assessed and necessary
changes were made. Students were advised also to make the necessary changes in their
module. Instructor B made a few comments compared to instructor A probably because
he contributed a lot to the initial module.
The final outcome of the instructional development goal was a 40-page
instructional module and the knowledge survey written with clear, descriptive phrases,
having instructional objectives and formative assessment items. This was implemented in
Spring 2014. It was then modified a little and used again in Fall 2014. The knowledge
survey was also modified in response to the suggestions given by instructors and students
after running the module in Spring 2014. The final module is shown in Appendix A. The
instructional assessment items are placed in various sections (concept units) of the
module.
Development of the Knowledge Survey
Design issues
For the knowledge survey, questions were designed to explicitly point to concepts. For
this reason, descriptive phrases (e.g., gravitational and scale forces were used) together
with other modes of representations such as force diagrams. This assessment approach
was meant to reduce cognitive load among students so that they focus on concepts
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without language confusion. An exception to this, were some additional assessment items
intended to assess mostly language issues (e.g., how do you interpret the term weight is
this question). The questions for the pre and posttest were developed with the aid of
previous student responses to similar questions (note that questions related to weight
were administered to similar students in spring 2011). To make sure that this knowledge
survey tested appropriate content relevant for the students in question, and the topic,
content and face validity were conducted before employing this assessment (Bornstein,
2004; Johnson & Christensen, 2008). Content validity was achieved through discussion
of the test with other experienced peers in physics, while face validity was achieved by
trying out the questionnaire to students similar to physics 1800 students (e.g., Geos
1900). The test contained both multiple choice and open-ended questions (See Appendix
B and C).
Comments from experienced peers
Various issues were raised regarding the initial survey. For example, experts pointed out
that the survey was a bit short and that the questions were in such a way that students
might be able to use the information in questions to help them answer other questions. In
other words, the initial survey contained a lot of the answers or at least hints in the survey
itself. Some experts pointed out that the survey questions were not exactly in line with the
study purpose and suggested various ways of improving. One expert pointed issues
regarding the format of the survey (i.e., boxes for responses). The final survey
incorporated relevant changes.
Comments from other experienced science education experts
Most of the comments were related to the wording of the questions. To the researcher’s
advantage, most reviewers suggested ways of improving the wording of the test items.
Various wording formulations were compared and the final decision was arrived at on
how to best word the items under consideration.
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Pilot testing with similar students
The initial survey was given to seven students similar to PHYS 1800 students. These
students were also interviewed individually. The researcher, together with an
experienced peer reviewed students’ responses, both written and oral, and made the
necessary changes to the survey.
The use of previous student responses
The researcher reviewed previous student responses to similar questions. It should be
noted that questions related to weight, gravity, and contact forces were administered to
similar students in spring 2011, in another study which employed written surveys. A
thorough analysis of the responses indicated the feasibility of the current study survey
and helped in polishing up the questions.
Consistency in implementation
The unit was implemented in four days, each day lasting 2 hours and 20 minutes. Any
issues observed in the implementation of the lesson for a given class session (as described
above), led to its modification and the instructor of the class was informed of possible
changes in the subsequent class. A checklist (a classroom observation form-Appendix G)
was used by two observers to establish fidelity in the instructional implementation via
video observations. The fidelity checklist was based on the theoretical positions of the
study. Here, fidelity means that the teaching followed the theoretical positions for the
study (justified by the literature review). These theoretical positions are: (1) introduction
of concepts in a way that avoids technical language at the beginning (Arons, 1983), (2)
explicit acknowledgement of language difficulties to students (Flodin, 2009), (3) paying
attention to everyday vs. scientific meaning of terms (Gee, 2004), (4) the use of terms or
concepts in diverse physical contexts (Touger, 1991), and (5) contextual interpretation of
meaning (Hutten, 1948). These assertions guided the creation of the checklist form.
Since the instructors were involved throughout the module development, and that the
module itself was based on the specified theoretical propositions, it was relatively easy to
realize consistency in implementation across section instructors. All raters confirmed the
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presence of each aspect of the checklist and commented on the easiness of all the three
section instructors to consistently implement the module. Comments from section
instructors also confirmed that students followed the module and the lesson plans as
written.
Students took a pre and posttest to help with the assessment of the module as
explained in the previous chapter. Results were analyzed at the end of the semester when
the students were done with the course. Since human subjects were involved in this study,
ethical considerations were given priority in accordance with regulations of the
Institutional Review Board (IRB). Thus, an informed consent form was administered to
the students and instructors before conducting the study (See Appendix H and Appendix I
for the consent forms).
This chapter has narrated the development of the module and the knowledge
survey. It has also explained the implementation process.
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CHAPTER 5: RESEARCH METHODS FOR INSTRUCTIONAL EVALUATION
In this chapter, the research methods pertaining to the evaluation of the new
instruction are presented. This involves a discussion of the research methods, target
sample for the study, procedure, research design, data collection, analysis, and reporting.
A brief recapitulation of the research purpose and the goals of the instructional evaluation
is presented first.
Research Goals
The literature review (in Chapter 2) documented the prevalence of conceptual and
linguistic difficulties related to WWFF and many other terms in physics, such as heat and
energy. The problems associated with WWFF have shown to hold a lot of connections
with several other concepts in the area of mechanics. Indeed, these terms are related to
concepts and principles, including mass, contact and non-contact forces, and Newton’s
laws of motion and universal law of gravitation, such that studying them will prove to be
useful in learning broadly about introductory mechanics.
To study the usefulness of the designed instructional approach (chapter 4), this
section has the following instructional evaluation goals:
1. To determine students’ learning gains in understanding weight related concepts
after the instruction.
2. To examine the students’ understanding of language issues on WWFF before and
after instruction.
3. To investigate students’ and instructors’ views of the instructional approach in the
unit.
The following table provides an overview of the goals and methods of implementation.
Table 5: Overview of study goals and implementation
Goal
Implementation/Data Collection
 Compute learning gains
 Using pre and posttests to measure students’ learning gains.
 Explore understanding
 Using pre and posttests (as well as post-interviews) to explore
of language issues
students’ explanation of the conceptual and language issues
before and after instruction.
 Assess students’ and
 Using surveys and in-depth interviews to explore students’ and
instructors’ views
instructors’ views of the unit.
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Methodology: Mixed Methods
The following section presents a literature review pertaining to the methods used to
assess students’ learning, students’ interpretation of WWFF before and after instruction,
and students’ and instructors’ views and experiences of the instructional approach. The
review motivates and justifies the research design employed in this study which is
presented later in this chapter.
Mixed methods were employed to meet instructional evaluation goals as stated
previously. The fundamental principle of mixed methods states that “combine the
methods in a way that achieves complementary strengths and non-overlapping
weaknesses (Johnson & Onwuegbuzie, 2004, p. 18). In so doing, the weaknesses of one
methodology (say qualitative method) are complimented by the other (in this case
quantitative method) and vice versa. In terms of instructional unit implementation and
evaluation, mixed methods provide a complete picture of the implementation process
(Russek & Weinberg, 1993). This further justifies the applicability of mixed methods to
the current study. Tural et al. (2010) investigated the effect of their designed lesson plan
(about weightlessness) on pre-service science teacher’s learning. Before implementing
the lesson plan, the authors reviewed a set of physics textbooks and examined the student
teachers’ understanding of weightlessness. Tural et al. (2010) used a pre and posttest
coupled with semi-structured interviews to examine the effectiveness of their designed
lesson plan on the study participants. The test consisted of 19 two-tier multiple choice
and open-ended questions. Student learning was assessed by counting the number of right
and wrong responses in the pre and posttest. After implementation of the lesson to the
nine subjects, both the pre and posttest and interview analysis showed that the designed
lesson plan was effective in teaching weightlessness. This is a great example of mixed
method study. Another example of mixed methods study is presented by Pollock (2006)
who implemented several research based ideas in an introductory physics course. The
authors measured students’ success using pre/posttests, attitude surveys and exam
questions. This enabled them not only to measure students’ learning, but also views. It
also enabled them to distinguish factors that affect students’ learning such as instructors,
instructor preparation, and particular research based activities.
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There are various approaches to mixed methods. In this assessment of the module,
embedded design mixed method was employed. This design is based on the ideas that (1)
a single data set is not sufficient, (2) different questions need to be answered, and (3)
different types of questions requires different types of data to answer them (Creswell &
Plano Clark, 2007, pp. 67-71). In this study, a one group pre and posttest design
(Huitema, 2010) preceded written surveys and interviews with students and instructors
that aided in further instructional evaluation. A literature review of research pertaining to
computation of learning gains, survey of student and instructor views and experiences is
provided next.
Research involving computation of learning gains
Students’ learning gains were achieved by a two level correlational design, in particular,
one group pretest-posttest study (Huitema, 2010). Learning gains are particularly useful
in gauging “how much” students learn on some topic (Andrews, Leonard, Colgrove, &
Kalinowski, 2011; Hake, 1998). Andrews et al. (2011) examined the relationship between
active learning and student learning in the subject area of natural selection. Data for the
teaching method was collected using an online survey. However, the assessment of
learning was done using four possible calculations of learning gains: effect size (Cohen’s
d), average normalized gain, percent change, and raw change. The authors note that using
multiple ways of calculating learning gains provides confidence on the overall result
regarding students’ learning for there is no calculation of learning gains that is without
problems. May and Etkina (2002) measured students’ learning gains (which were later
correlated with epistemological self-reflection). Data was collected using two
instruments, the Force Concept Inventory (FCI) and the Conceptual Survey of Electricity
and Magnetism. Normalized learning gains (Hake, 1998) were reported.
The computation of learning gains, also play a major role in the design of concept
inventories. For example Smith, Wood, and Knight (2008) invented the Genetics Concept
Assessment (GCA) an inventory for gauging student understanding of genetics. The
validation of the inventory involved computations of learning gains in multiple pre and
posttest trials. Using pre and posttests, Delmas, Garfield, Ooms, and Chance (2007)
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developed a test to measure students’ conceptual understanding of statistical ideas across
three years of revision. The authors compared responses from pretest to posttest (using
paired tests) in order to learn more about areas in which the students demonstrated
improved performance from beginning to end of the course, as well as areas that showed
no improvement or decreased performance. This study further justifies the current need
for a two level correlational design in learning more about students’ performance in an
instructional approach involving WWFF.
Qualitative analysis of pre and post surveys
Qualitative analysis of pre and post surveys reveals a lot of information regarding the
outcome of an intervention. Stein and Galili (n.d.) conducted a study to check a
possibility of operational instruction of weight at middle school (n=14). The teaching
involved different situations that the authors thought could promote students’
understanding of weight. The entire teaching spanned seven sessions (90 minutes each) in
accordance with the regular program. Prior to instruction, students’ drew a variety of
figures to demonstrate their understanding of weight. After instruction they were
involved in a classroom discourse regarding weight. Qualitative analysis of the drawings
(drawn prior to instruction) and the classroom discourse (conducted after instruction)
revealed students’ understanding of weight as scale contact force. Another study by
Huang (2006) explored students’ use of language in the process of making sense of
genetics concepts. Sixth-grade students (n=6) were interviewed before and during four
weeks instruction on genetics. Qualitative analysis of pre and post interview transcripts
revealed that most students heavily relied on informal experiences, social practice, and
home language to explain their understanding of genetics.
Research on students’ views
Research on students’ views has been conducted using a variety of methods. For
example, Liu and Lederman (2002) used a Nature of science (NOS) questionnaire to
assess students’ views on the development of scientific knowledge before and after a one
week science camp on scientific inquiry and NOS. Stodolsky, Salk, and Glaessner (1991)
used interviews to explore students’ attitudes and conceptions about learning math and
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social studies. It is clear from these studies that the nature of data collection informs the
goals of the study.
Investigating teachers’ views and/or experiences
Research with teachers has been conducted in several ways. For instance Hubber et al.
(2010) designed a representational approach to teaching the concept of force and assessed
teachers on their implementation of the designed instruction in their respective classes.
Data was collected over a period of 12 lessons through video records, student work, field
notes, tape records of meetings and discussions, and student and teacher interviews based
in some cases on video stimulated recall. Trigwell et al. (1994) explored the intentions
associated with the teaching strategies of first year physical science lecturers by
interviewing 24 teachers and analyzing the resulting transcripts. Some studies have relied
only on written responses to inquire about teachers’ conceptions. Kikas (2004)
investigated the conceptions of trainee, primary, and subject teachers regarding, the
motion of objects, seasonal changes, and aggregate changes of matter. Data was collected
from 198 participants using a questionnaire. The subject matter competence in physics
related topics of 147 in-service junior secondary science teachers in Hong Kong was
identified using a true-or-false instrument based on a framework conceptualized by the
authors (Yip et al., 1998).
Qualitative Data Management
Rationale for qualitative data
Punch (2009) advises that before collecting data, it is essential to think about the rationale
and logistics of the proposed data collection. In light of this, during the design of the
questionnaires and interview guides (in this study), the researcher was careful to
recognize that the inquiry was about the novel instructional approach. Alternatively, the
design of the surveys was governed by the theoretical positions of the study and their
impact on students’ conceptual understanding, language awareness, and students’ and
instructors’ views and experiences of the instruction. During the Spring 2014 semester,
42/114 student papers (pre and posttests) were analyzed to (1) further learn students’
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understanding of weight and related concepts, (2) to learn students’ awareness of
language issues, and (3) to learn their views regarding the instruction. These three aspects
were further explored by analyzing transcripts from interviews with 15 students. During
the same Spring 2014 semester, two transcripts from section instructors were analyzed
also. Coming to the Fall 2014 semester, 110 student papers (pre and post) were analyzed
to explore students’ interpretation of weight, weightlessness, and free fall. Note that this
analysis was not possible in the Spring 2014 semester due to the inability of the
knowledge survey to incorporate the necessary questions.
Qualitative data analysis
Creswell (2007) contends that the analysis of text and multiple forms of data is
challenging to qualitative research. He defines data coding in qualitative research as a
process of reducing the data into meaningful segments and assigning names for the
segments. To analyze the written surveys, the researcher started by repeatedly reading the
written documents/transcripts for several times, so as to make sense of the data. This
repeated reading is what is called “immersion in the data” with a purpose of becoming
intimately familiar with the data (Marshall & Rossman, 2006). During this time the
researcher also wrote memos in the margins of papers to further explore the database
(Punch, 2009). This was followed by initial coding of the data. For some data set,
constant comparative approach was used to “saturate’’ the categories deduced from open
coding of the data (this justifies why only 42/114 papers were analyzed as mentioned
above). The point of saturation was reached when the new information obtained did not
further provide insight into any of the categories. All the qualitative analysis was done
manually except for the analysis of the transcripts resulting from student and instructor
interviews. The coding of such transcripts was done with a help of a computer program,
called Hyper-research.
Inductive and a priori codes
Both inductive and a priori codes were used but most of the coding was inductive in line
with the nature of qualitative research (Johnson & Christensen, 2008). Inductive analysis
involves “discovering patterns, themes, and categories in one’s data” and it differs from
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deductive analysis in which categories are set forth “according to an existing
framework”(Patton, 2002, p. 453). Deductive analysis uses a priori codes as opposed to
inductive codes. A priori codes were used in this study when coding students’ preference
for how weight should be defined. In this case, the researcher already had categories of
preferences as follows: (1) preference for the gravitational definition, (2) preference for
the scale force definition, and (3) no preference. While the researcher had these
preexisting categories, he was open to any other categories that might come up among
student responses and he tried to avoid forcing codes into a particular category (Johnson
& Christensen, 2008). Most of the qualitative analysis of the pre and post test was
conducted by coding relevant students’ responses side by side (see chapter 6). First,
twenty-one student posttest papers and corresponding 21 pretest papers were analyzed to
learn more about students’ understanding of specific weight related concepts and
language awareness. Written surveys of the instructional approach for the same students
(21) were analyzed. The choice of 21 was arrived at after saturation in coding. Tables
were created indicating students’ definitions of WWFF in the pretest and then in the
posttest. This was done for all student papers in the Fall 2014 semester. Interview
responses from 15 students and interviews from the two instructors were transcribed and
analyzed through coding and categorizations of data (Marshall & Rossman, 2011).
Trustworthiness issues
The interview questions were examined by several individuals for bias, sequence, clarity,
and face-validity (Marshall & Rossman, 2006). This ensured that the questions were set
to explore what the researcher claimed to find. Reliability in coding was established
through discussions and by consensus by two individuals (Brown, Abell, Demir, &
Schmidt, 2006). The researcher wrote down his experiences during the process of the
study and engaged in member checks to the collected data to add credibility to the study.
The results can be deemed authentic because in most cases the researcher’s focus was on
emerging codes grounded in the data and not the prefigured codes which may suppress
the views of participants (Reeves, 2011).
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Research Design
This section narrates a specific outline detailing how the chosen methods (as reviewed in
the previous sections) were applied to achieve the various goals of the instructional
evaluation. Where necessary, reference is made to the literature as presented above. The
sample consisted of Pre-service Elementary and Middle School Teachers (PEMTs).
These PEMTs were enrolled in three sections of the course in the 2014 spring and fall
semesters at a Mid-Western University, USA. These students were chosen not only
because they were a convenience sample, but also due to the fact that they introduce
children to the scientific concepts and language. Most of these students acknowledged to
have taken at least a single physics course either in high school or college. Learning in
this course is achieved mainly through inquiry.
Determination of students’ learning gains
The assessment of students’ learning specifically targeted weight related concepts. As
such, other available physics concept inventories, such as the Force Concept Inventory
(FCI) proved less useful as it is a more appropriate test of Newton’s laws (Hestenes,
Wells, & Swackhamer, 1992). There is also the Force and Motion Concept Evaluation
(FMCE) (Thornton & Sokoloff, 1998) which assess both dynamics and kinematics
conceptual understanding . Unfortunately, this instrument focuses on understanding
Newton’s laws and motion in physical contexts, not relevant to learn about weight related
constructs. The current study could use the Newtonian Gravity Concept Inventory
(NGCI) (Williamson, Willoughby, & Prather, 2013) but unfortunately, the inventory
developers seemed unaware of the ambiguities surrounding weight, weightlessness, and
apparent weightlessness. One could also think of the Mechanics Baseline Test (MBT)
(Thornton & Sokoloff, 1998) but it assesses quantitative problem solving skills in
kinematics. This justified the need to develop a relevant survey on gravitational and scale
contact forces in multiple physical situations (as described in chapter 4).
Students took a pretest before participating in the instructional module and a
posttest after going through the various lessons of the instruction. The test targeted
conceptual understanding of the physics content, carefully worded to be clear on the
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constructs involved to avoid possible linguistic and terminology issues (See Chapter 4).
Scoring of the knowledge survey was done by establishing rubrics that were set to score
students’ responses. Inter-rater reliability (Pearson r = 0.94) was found indicating a high
correlation (Lee Rodgers & Nicewander, 1988) between two graders using about 20% of
the test papers (Wimmer & Dominick, 1994). A series of discussions were conducted to
resolve differences in scoring. The researcher then followed the refined rubrics to score
the rest of the open-ended questions in both the pretest and posttest.
Hake’s normalized gain (g) was calculated to obtain “a rough measure of the
average effectiveness of a course” (Hake, 1998, p. 64) in teaching the concepts under
consideration. Hake’s normalized gain is given as:
< g> = [(% posttest) – (% pretest)] / [100 – (% pretest)]
The obtained value of Hake’s g was interpreted as follows:
Table 6: Interpretation of Hake’s g (Hake, 1998)
Description/Interpretation
High-g
Medium-g
Low-g

Interval of (<g>)
(<g>) ≥ 0.7
0.7 > (<g>) ≥ 0.3
(<g>) < 0.3

Therefore, from Hake’s g, the quality of student understanding of the intended
instructional objectives for the conceptual understanding was deduced. To find the effect
(practical value) of the applied instruction, effect size was calculated (Fraenkel & Wallen,
2009). This statistic (Cohen’s d) gave the level (magnitude) of efficiency of the
instruction (Hoy, 2010). The resulting value was then interpreted according to this
scheme: high = 0.8, medium = 0.5, and small = 0.2 (Cohen, 1988). The effect size was
computed with the aid of SPSS and an online calculator (Becker, 1999).
No claim of any cause and effect with this measure of gains (Hake’s g, effect
sizes, and t-tests) were made in line with the research objective (finding “how much”
students learned). This was an exploratory intervention, such that there was no control
group, meaning that any claims made regarding the effects of this lesson were
speculative, but informative in as far as the meeting of the intended unit objectives was
concerned. The existing course did not have a section on weight, weightlessness and free
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fall, taught conventionally, with which to compare. A major task was to explore the
relationship between the pretest and posttest scores that in turn, helped in learning how
best this lesson met the intended conceptual understanding (besides assigning a grade to
the students).
There are multiple approaches to teach weight. Here are some of them: (1) one
could teach using the gravitational definition of weight, and stick to it through out
without mentioning the language issues (the common approach in textbooks), (2) one
could teach the operational definition, consistently throughout without revealing the
language issues (an approach taken by few textbooks and some instructors), (3) one could
also use either (1) or (2) and acknowledge the language issues, and (4) one could employ
the approach taken in this study, using descriptive phrases (gravitational and scale contact
forces) introducing the language issues and contextual interpretation of meaning later in
the unit. Note that it could be possible to carry out a quasi-experimental study/or a true
experimental study to compare the approach taken in this study with the common
approach in textbooks to determine the effectiveness of this approach in terms of the
other. Such an approach promises to be more generalizable than the approach taken in
this study and it motivates plans for future studies. However, it should be noted that such
a controlled experiment is likely to miss the assessment of language issues which has
been shown to have intellectual satisfaction benefits for students in this study. Indeed that
kind of study, will only be interested with cognitive gains and not the affective gains that
are associated with revealing language issues to students (Wiser & Amin, 2001).
Further exploration of conceptual understanding
Students’ learning was further explored by analyzing interview questions involving
conceptual understanding post instruction. Gurel and Acar (2003) explored students’
perceptions of weightlessness by asking four open-ended questions and by conducting
semi-structured interviews in the case of incomplete answers. In this study, students were
given multiple instances to think about and explain their understanding of the
gravitational and scale forces. This interview technique is similar to the one described by
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Osborne and Gilbert (1980), called “interview-about-instances”. The interviews were
analyzed qualitatively, by creating codes which were then clustered into themes.
Examination of students’ understanding of language issues
This was achieved qualitatively using the pre and posttest written responses as well as
post-interviews. Relevant questions from the knowledge survey were chosen for analysis.
These are the questions that explicitly involved both conceptual and language issues. To
further learn students’ explanation of WWFF after going through the instruction, in-depth
individual interviews (Marshall & Rossman, 2006), lasting about 25 minutes each, were
conducted with about 15 randomly chosen students (Note that more than 15 students
volunteered to be interviewed). Interviewing allows the researcher to enter into the inner
world of another person and to access that person’s perspective (Patton, 1987). The
interview-about instances technique (Osborne & Gilbert, 1980) was employed to
understand the students’ understanding of conceptual and language issues surrounding
WWFF. Thus, the questions provoked students to demonstrate their understanding of not
only concepts, but also the associated language issues. An “interview guide approach”
was used, where by the researcher planned to explore specific issues and to ask specific
open ended questions to the interviewee (Johnson & Christensen, 2008). For example,
students were asked to explain the forces acting on a submerged object, with a follow up
question asking them to explain if either force could be called weight. Here the rationale
was to let the students explain that it is a matter of opinion and definition, and that the
physics is clear using clear, descriptive phrases, i.e., to demonstrate awareness of the
ambiguity of the term “weight”. Probing questions (Creswell, 2007) proved to be useful
for this purpose. The entire interview guide is shown in Appendix D. The analysis of data
is discussed under the section “qualitative data analysis” in this chapter.
Investigation of students’ and instructors’ views
Students’ experiences and perceptions of instructional approach were solicited using an
in depth one-on-one interviews (Creswell, 2002) which was guided by the framework for
this study regarding language and concepts (see chapter 2). The researcher engaged the
students in “a conversation with a purpose” (Kahn & Cannell, 1957, p. 149). Here is an
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exemplar question used to explore students’ experiences and perceptions of the
instruction: “Our instruction of the terms (“weight”, “weightlessness” and “free fall”)
started with the ideas or concepts behind these terms. The names came later in our
discussion, and we saw a variety of language difficulties among those terms; (a) share
your views regarding this approach, (b) what is your position regarding revealing
language problems to your students? Would you do the same for your students? Explain”.
The entire interview guide is shown in Appendix D.
For the two section instructors, data was collected through open ended interviews.
An in-depth open ended interview was used to learn more about instructors’ views and
experiences regarding the novel instruction approach. The researcher was one of the
instructors and he provided his own reflections of the instruction and the unit in line with
action research (Creswell, 2002). The researcher employed the “informal conversational
interview” technique, at the beginning and later during the conversation an “interview
guide approach” was used (Johnson & Christensen, 2008). Exemplar questions are as
follows: “Please explain your experiences of the instructional process; in what way (s)
this approach might be better or worse than one the traditional approaches to teach these
concepts found in textbooks? What are your concerns regarding this approach?”
Appropriate prompts were made to get as much information as possible.
All the interview questions were examined by several individuals for bias,
sequence, clarity, and face-validity (Marshall & Rossman, 2006). The instructor
interview guide is given in Appendix F. A section on “qualitative data analysis” in this
chapter explains more about how the transcripts were analyzed.
Reporting Findings of the Project
Results for the instructional evaluation goals are reported one at a time. Creswell (2002)
advises that a mixed methods study may be reported as a one or two phase study. In this
study, a two phase embedded design mixed method was employed. Qualitative phase
came after the quantitative phase to meet other research goals. For this reason,
quantitative results are presented first followed by qualitative results. Various modes of
data representations were employed, including tables. Descriptive analysis (means,
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standard deviation, and frequencies) was used to report and interpret the relevant data.
The results are presented in chapter 6. Chapter 7 presents discussions, conclusions, and
implications of the study.
This chapter has presented the research methods and designs that were employed
to meet instructional evaluation goals. The chapter has also provided arguments in
support of the various methods taken, the instrument used, the questionnaires, and data
analysis and interpretation procedures. The next chapter presents results of the evaluation
of the new instructional approach.
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CHAPTER 6: RESULTS OF THE NEW INSTRUCTIONAL APPROACH
In this chapter, the results of the evaluation of the new instructional approach are
presented. The results are organized into the following topics (based on the instructional
evaluation goals).
1. Assessment of students conceptual understanding
2. Assessment of language awareness
3. Survey of students' views
4. Survey of instructors’ perceptions
Assessment of Students Conceptual Understanding
To assess students’ conceptual understanding, various statistics as well as some
qualitative codes and quotes are presented. Note that the main findings come from Spring
2014 data. Findings from the Fall 2014 semester will be used to support the previous
findings. Thus unless it is specified, all findings reported in this section come from
Spring 2014 data. Quantitative data is presented first followed by supporting qualitative
data from both the written responses and oral interviews in line with embedded design
mixed methods research (Punch, 2009).
Two graders established an agreement in coding. The initial agreement was good,
with a Pearson r value of 0.94 for 10 student papers. A series of discussions were
conducted to resolve the few disagreements that existed between the two graders. Table 7
and 8 show the pre and posttest scores (and corresponding standard deviations) and
different types of learning gains.

Class

A
B
C
All

Table 7: Comparison of mean scores between pretest and posttest (spring 2013)
N Pretest Score out Posttest Score
Raw
% Gain
Normalized
of
out of
Gain
gain
43 (SD)
43 (SD)
20
13.98 (6.63)
36.73 (6.04)
22.75
52.91
0.78
18
14.08 (6.50)
32.89 (4.23)
18.81
43.74
0.65
19
14.74 (7.43)
33.97 (6.37)
19.23
44.72
0.68
57
14.26 (6.75)
34.60 (5.79)
20.34
47.30
0.71
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Effect
Size
3.59
3.43
2.78
3.23

Class

A
B
C
All

Table 8: Comparison of mean scores between pretest and posttest (Fall 2014)
N
Pretest Score out Posttest Score
Raw
%
Normalized
of
out of
Gain
Gain
gain
51 (SD)
51 (SD)
20
16.58 (6.31)
37.13 (7.23)
20.55
40.29
0.60
14
10.46 (6.07)
42.61 (4.11)
32.15
63.04
0.80
21
12.50 (5.22)
41.48 (7.24)
28.98
56.82
0.75
55
13.46 (6.26)
40.18 (6.89)
26.72
52.39
0.71

Effect
Size
3.03
6.20
4.59
4.06

Results indicate that the average normalization gain for all the classes was high (0.71both spring and fall semesters). Almost all the classes in both semesters had a high
normalized gain, suggesting that the unit substantially met the intended objectives. Effect
sizes for all the classes were all high (above 0.8-both semesters), indicating that the gain
was practically significant across all the classes. All these gains indicate that the unit was
effective in meeting the intended objectives.
Table 9, presents normalized gains for each of the 8 questions. The overall normalized
gain is presented also. Table 10 presents similar information for the Fall 2014 data.
Table 9: Normalized gains for each question (Spring 2014)
Question
Description
1
Elevator moving at constant speed
2
Elevator accelerating upward
3
Elevator accelerating downward (not falling)
4
Elevator dropping freely
6
Earth, moon, elevator, and spaceship situations
7
Buoyancy
10
Floatation in a spaceship
12
Orbiting
All
Overall gain

Table 10: Normalized gain values for each question (Fall 2014)
Question
Description
1
Elevator accelerating upward
2
Elevator moving at constant speed
3
Elevator accelerating downward (not falling)
4
Elevator dropping freely
5
Buoyancy
6
Moon
7
Spaceship
All
All situations
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Normalized gains
0.78
0.56
0.42
0.67
0.77
0.86
0.65
0.75
0.71

Normalized Gain
0.64
0.90
0.70
0.64
0.85
0.75
0.64
0.71

Questions that inquired about terminological issues were analyzed qualitatively and
hence are not included in the two tables. See Appendix B and C for the questions. There
were medium to high gains for all the questions in both semesters. Most of the gains were
high in both semesters. This result indicates that the students’ developed a contextual
independent conceptual understanding in line with one of the intentions of the module,
i.e., to make sure that students understand the forces in multiple situations. Heywood and
Parker (2010) contends that students have problems understanding concepts across
multiple contexts. The unit was effective in making sure that students understood the
gravitational and scale contact forces in multiple situations. This is justified by the high
gains in all the situations investigated (i.e., in a liquid, in an elevator, on the moon, and in
a spaceship). The test format in Fall 2014 was particularly useful in making sure that each
physical situation was tested separately. One troublesome situation, noted by several
researchers (e.g., Galili, 1993; Galili, 1995; Galili & Lehavi, 2003; Sharma et al., 2004) is
that of a spaceship (question 10 and 12 in Spring 2014 and question 7 in Fall 2014). The
spaceship problem has been reported as the most troublesome situation for students to
grasp. Specifically, students have often been found to have an incorrect view that there is
no gravity inside the spaceship orbiting the earth (Sharma et al., 2004). In this study, the
gains for the spaceship related questions indicate that most students understood this
concept. However, although the gains were great, a closer look at the pre- and posttest
scores indicate that for the spaceship question, the average score on the posttest was very
low (as compared to the other questions). This was mostly due to students’ inability to
explain clearly the reasons why astronauts float around in the spaceship. That is to say,
students’ had a hard time to explain further why the scale contact force is zero for an
astronaut in an orbiting spaceship. Interestingly, in both semesters, the gain for the
spaceship problem was nearly the same (0.64 and 0.65). These values are relatively
smaller compared to other gains. Another interesting outcome is that the gains associated
with the spaceship problem as loosely associated with the problem of an elevator
dropping freely. This is not a big surprise since in both physical situations the only force
in action is gravitational force, and students usually have a hard time explaining the
absence of scale contact force in such situations.
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Figure 3. Pre and post percentage scores (Spring 2014)
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Figure 4. Pre and post percentage scores (Fall 2014)

A graphical representation of the pretest and posttest percentage scores sheds
more light on how much students initially performed and then how they performed after
going through the unit for each question. Figure 3 (for Spring 2014) and 4 (Fall 2014),
show percentage gains for individual and all the questions.
It might be interesting to focus on the extreme ends. For this reason, consideration
is given to Figure 3. Figure 3 indicates that question 10 had the lowest pretest score of
about 2%. This question required students to explain the reason why astronauts float in a
spaceship that is orbiting the earth. Question 6 had the highest pretest score of about
46%. This question tested students’ understanding of gravitational and scale contact
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forces in multiple situations (on Earth, moon, elevator, and spaceship). The average
pretest score for all questions was about 33%. Question 7 had the highest posttest score
of about 91%. This question was about gravitational, scale contact, and buoyancy forces.
Question 3 had the lowest posttest score of about 55%. This question tested students’
understanding of gravitational and scale contact forces for an object in an elevator that is
accelerating downward (but not falling). The average posttest score was about 80%.
Questions at the extreme ends (as summarized above) may provide some insights
about students’ performance across multiple questions. For example, the average posttest
score for question 10 (the spaceship case) was about 66%, which is generally low
compared to most questions, but relatively much higher than the average pretest score of
2%. This implies that the “gains” alone cannot tell the entire story about students’
performance. A closer look at the student responses on the posttest for this question 10
indicates that a certain portion of students explained “floatation” in a spaceship in terms
of no gravitation force and had a hard time to explain why astronauts experience no scale
contact force. Although there was a high normalized gain for this question, still the low
posttest score of about 66% confirmed the fact that students generally have a hard time
understanding gravity in a spaceship (Sharma et al., 2004). The reason for not getting a
higher percentage score in the posttest can be explained better using the results from the
interviews (See Table 12). Another question of interest is number 7, because it had a
higher average posttest score of 91% and the highest normalized gain. Interview with
students explains this result (Table 12) in terms of how comfortable students were in
explaining buoyancy.
Learning gains: Examples from each context
To further make sense of the quantitative learning gains previously reported, pre and
posttest codes were generated for 21 student papers randomly selected from the 57
student papers (Spring 2014). The codes are tabulated for easy comparison of the pre and
post understanding. The data source for this was the Spring 2014 knowledge survey
(Appendix B Question 8).
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Table 11: Gravitational, scale and buoyancy forces, and mass in multiple situations
Pre
N
Post
When submerged in water…
When submerged in water…
2
- The mass of an object increases
2
- The mass of an object decreases
 The mass of an object remains the same 17 The mass of an object remains the same
2
- Fg on an object increases
4
- Fg on an object decreases
14 Fg on an object remains the same
 Fg on an object remains the same
1
- Fg becomes zero
1
- Scale reading increases
15
Scale reading decreases
 Scale reading decreases
2
- Scale force reading becomes
14
Fb increases
 Fb increases
On the moon…
On the moon…
1
- The mass of an object decreases
18
The mass of an object remains the same
 The mass of an object remains the same
2
- The mass of an object is zero
17 Fg on an object decreases
 Fg on an object decreases
4
- Fg on an object becomes zero
17 Fs on an object decreases
 Fs on an object decreases
4
Fs on an object becomes zero
 Fs on an object becomes zero
In an elevator that is accelerating up…
In an elevator that is accelerating
up…
1
- The mass increases
18 The mass remains the same
 The mass remains the same
11 - Fg on an object increases
Fg on an object decreases
 -8
Fg on an object stays the same
 Fg on an object stays the same
16 Fs on an object increases
 Fs on an object increases
1
- Fs on an object decreases
2
- Fs on an object stays the same
In a spaceship…
In a spaceship…
2
- The mass decreases
17 The mass stays the same
 The mass stays the same
1
- The mass becomes zero
13 Fg decreases
 Fg decreases
1
- Fg stays the same
5
- Fg becomes sero
11 Fs decreases
 Fs decreases
3
- Fs stays the same
5
Fs becomes zero
 Fs becomes zero

N

21

21

21
21

21
21
16
5

21
4
17
21

21
21

3
19

Regarding an object submerged in water, and hooked to a spring balance (the
buoyancy question), there was a very high normalized gain of 0.86 (see Table 9 question
7). Table 11, justifies this high gain because more students moved towards the correct
understanding of several concepts involved in buoyancy. For example, four students
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initially thought the mass would either decrease or increase when an object is submerged
in water. After the posttest, no student indicated this kind of reasoning. Another example
is that after the protest, 21 students noted that gravitational force remains the same when
an object is submerged in water, and only 14 students, thought so on the pretest.
In the context of the moon, a variety of students’ understandings that are at odds
with scientifically acceptable principles were noted. For example; in the pretest, 7 out of
21 students exemplified the following preconceptions: on the moon, the mass decreases
or becomes zero and that gravitational force as well as scale contact force becomes zero.
The “moon” question was analyzed together with other sub questions involving the
elevator and a spaceship, and the average pretest score was relatively high (about 46%).
One interesting thing about the moon situation was that, in the posttest, 5/21 students
reported that the scale contact force on the moon is zero, signifying lack of understanding
about contact forces on an object the moon. Looking at their written responses, such
students pointed that because the moon is in free fall, then the only force is gravitational
force and there is no scale contact force. Such students demonstrated the need to carefully
introduce force diagrams in the case of an object on the moon, whose
existence/massiveness creates substantial gravitational forces, unlike small mass objects
such as astronauts or a baseball in “free fall”.
Regarding the case of the elevator (accelerating upward), about half (11/21pretest) incorrectly stated that gravitational force increases. However, for the scale
contact force several students (16/21-pretest) correctly noted that it will increase,
probably because of their intuitive experiences with the scale and heaviness. Most
students (18/21-pretest) also noted that the mass in an accelerating elevator should not
change compared to that on earth. As Table 11 shows, in the posttest several students
developed a better understanding of mass and forces. For example, (21/21-posttest) noted
that mass remains the same and that Fs is larger than Fg for an elevator accelerating
upward. In summary, students developed proficiency about how the concepts would
change/not change in an accelerating elevator (compared to the “on-earth” situation) and
that they were able to provide sound explanations regarding their responses (Table 11).

95

As mentioned earlier, the pretest score on the question related to the spaceship
was substantially low compared to the score for other physical situations, the assertion
supported by. Table 11. Also, there were inconsistent views on whether the scale contact
force will either decrease, increases, remain the same or become zero. Only 5/21(pretest)
correctly noted that it would be zero. For the gravitational force, 13/31 noted that it
would decrease and the rest either thought it would be zero or stay the same. Despite this
poor performance in the pretest, several students assumed a sound understanding in the
posttest. Thus, most students noted that gravitational force is less and that there is no
scale contact force.
Definitions of mass: Pre and posttest
Table 11 clearly indicates that students were unclear about the concept of mass. The
knowledge survey that was used in Fall 2014 was not helpful in terms of inquiring about
students’ understanding of mass before and after instruction. Thus the Fall 2014 survey
explicitly inquired students’ understanding of mass (Question 9a Appendix C). Here are
the results of the pretest ad posttest surveys on the concept of mass (Figures 5 and 6)
(Fall 2014). Thus, students had diverse views about mass, some of which closely
associated with the current views about mass among scientists. A relatively substantial
portion of the definitions (24% in the pretest) equated mass with the amount of space or
volume an object takes up. This likely explains the reason why some definitions (5%pretest) equated mass with a quantity invariable with location. Consequently, this could
explain the way students understood the concept of mass in the pretest as shown in Table
11. Indeed, in Table 11, it appears that most students (about 18/21-pretest) correctly
noted that mass remains the same in the various situations in question. It is doubtful if
their correct reasoning was a clear reflection of their understanding of the concept of
mass as a quantity of matter or a measure of inertia of an object. Figure 6 shows that most
of the definitions fell under theoretical (a quantity of matter-24% of definitions) and
operational definitions (a quantity measured in, kg-33% of definitions), which indicates
students’ awareness of the concept mass. It appears that the incorrect idea of mass as the
amount of space still remained for some students in the pretest (7% of the definitions).
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a quantity measured in grams
density x volume
density
amount of space taken up by an object
how heavy an object is
weight of an object
inversely proportional to acceleration
how much an object weighs
a quantity invariable with location
don't know/no response
amount of matter
0
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% of definitions
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Figure 5. Definitions of mass-pretest

how much an object weighs
measure of inertia
a quantity that is acted upon by gravity
a quantity measured in kg or g
an invariable quanty
a quantity directly prortional to weight
amount of matter
amount of space an object takes
0
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Figure 6. Definitions of mass-posttest

Students’ explanation of the concepts (interviews)
During interviews, further details were solicited regarding the students’ understanding of
mass, Fg and Fs in various situations (see Appendix D for the interview guide). Fifteen
student responses were coded, the codes were then clustered into themes and exemplar
quotes given as shown in Table 12. Table 12 explains more about the facts students raised
in the posttest. (Note that interviews were only held after the posttest. The 15 students are
represented by letters A to O).
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Table 12: Students’ explanation of the concepts (interviews)
Theme
Exemplar quotes

N

In water


Buoyancy force reduces
scale force



Fg=Fs plus Fb

“This will go down, because this will add another force (force of
water or buoyancy) and the scale force will be less (drawing)” (S
A)
“But still the scale force plus the buoyancy force will equal the
gravitational force” (S F)
“Gravitational force is just the same, still on earth, it’s just the
buoyancy force that’s adding to it” (S D)

14

“because the moon has less mass than the earth” (S E)

10

“I get confused when I’m comparing scale force and
gravitational force, in a spaceship and on the moon” (S B)

2

“Because it’s further away from the earth” (S J)

6

“So, since it is at rest, it is not moving, and there is no
acceleration so this would be considered as a non-accelerating
frame and then in this case the gravitational force and the scale
force are going to be equal” (S B)
“On the moon, there is no scale force, only gravitational force”
(S I)

5

Elevator at steady speed:
gravitational force equal
scale force-no
acceleration
 Elevator casegravitational force on an
object is same on earth
 Elevator in free fall: case
similar to orbiting
spaceship
 For an elevator speeding
up, scale contact force is
greater than the
gravitational force
In a spaceship

“The forces are equal because we are not accelerating” (S A)

4

“the gravitational force pull the same on earth” (S C)

8

“I know this is the same situation as like you are in space,
because you are accelerating at the same speed as everything in
the elevator kind of like floating” (S F)
“Contact force is more than the force of gravity, because it is
accelerating up” (S A)

2



“I think they appear to be floating because there is less
gravitational force” (S H)
“I think there is still a gravitational force like about the same
amount when they are orbiting the earth, it’s slightly less, and
that’s not the reason they are floating around, it’s because
there is no contact force, in a spaceship, it isn’t sitting on
something” (S D)
“No, they are falling at the same rate with the spaceship” (S
O)



Submerged object:
gravitational force is the
same
On the moon






Less gravity on moon:
moon smaller than earth
Confused about scale
and gravitational force
of the moon and space
ship
Less gravity on the
moon-object far from
earth
On the moon:
gravitational force equal
scale force-object at rest



No scale contact force
on moon
In an elevator






Astronauts appear floatingreason-less gravity
Astronauts appear to floatno scale force

Floating in spaceship:
spaceship is falling at the
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9
13

3

12

5
6

4

Table 12–Continued
same rate with astronauts


Spaceships are kept in
orbit-reason-speed and
gravity



Spaceships orbit because of
acceleration and gravity

“I know that if the spaceship’s speed was to reduce it
wouldn’t be able to keep in orbit, it will crash to earth or if
the earth some way lost gravitational pull it will just continue
in line forever” (S F)
“So you have the acceleration and the gravitational pull,
acting and that’s what keeps the spaceship in orbit” (S C)

11

2

In Table 12, it is clear that after going through the module, students not only did they
understand how the gravitational and scale forces change with respect to a physical
context, they were also able to account for the reasons behind the changes in most of the
situations. In the discussion that follows, students’ explanations of the forces in these
situations are presented in the following order: buoyancy case, elevator case, the moon
case and the spaceship case.
Regarding the case of buoyancy, students articulated the relationship between the
three forces, gravitational, scale contact, and buoyancy forces (e.g., “but still the scale
force plus the buoyancy force will equal the gravitational force”). They were also able to
account for reasons why the gravitational force remains the same for a submerged object.
About the case of an elevator accelerating upward, students associated the
increased scale contact force reading with the upward acceleration and accounted for the
reason why the gravitational force is effectively the same for an elevator accelerating
upward (e.g., I feel like gravitational force is going to be constant because the
gravitational force is mass times little g, the 10m/s/s). In essence, students noted that
there must be a net force upward if there is acceleration in the upward direction.
For the moon case, some students attributed the reduced gravitational force on the
moon due to the smaller size of the moon. Interestingly, we see that others explained the
reduced gravitational force on the moon due to the long distance from the earth (e.g.,
because it’s further away from the earth, the further away you go from the earth and
because the moon is further away from the earth the gravitational force is going to be
less). When probed more such students explained that they were referring to the
gravitational force on the object due to the earth. This helped the interviewers to modify
their questions, to see if students recognized the fact that the moon is massive enough to
exert a gravitational force on objects resting on it. Still on the moon case, one important
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aspect was raised by some students, who noted that they often confuse scale contact force
concept for the moon case and for the spaceship case. This explains why some students
thought that there was no scale contact force on an object resting at the moon’s surface.
Interestingly, this confusion was often held by students who had a great overall
performance on the survey.
Regarding the spaceship case, while, several students noted that the gravitational
force on the astronauts will be less compared to the “on-earth situation”, they seemed to
explain “floating” in terms of that reduced gravitational force (e.g., I think they appear to
be floating because there is less gravitational force). Some students explained spaceship
floatation in terms falling or accelerating at the same speed (e.g., the reason why
astronauts inside the orbit seem to float around is because everything is moving at the
same speed and there is no contact force and so it feels like there is no gravity but there is
still a gravitational force acting on it). While the language of the student in this quote
(i.e., accelerating at the same speed) might need some refinements (e.g., accelerating at
the same rate), it demonstrates some understanding of the physics of orbiting.
Assessment of Language Awareness
Students’ interpretation of weight
Students were given different situations (on earth, on the moon, in an accelerating
elevator, in an orbiting spaceship, and in water) to deduce gravitational and scale force
changes in relation to the “on-earth” situation (Question 8 Appendix B). There was a
follow-up question regarding students’ preferred interpretation of weight. Table 13
presents the results of this question. This analysis focused on pre and posttest papers for
21 students.
It is clear that before the instruction, students had vague views of the concept of
weight. An effort was made to classify such responses as gravitational and scale forces.
However, the definitions lacked clarity; for example, weight was defined as a
combination of mass and gravity, or how heavy an object is.
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Table 13: Students’ preference for the definition of the term “weight”
Pretest
Weight is…










Gravitational force
 W=mg, where g is gravity (1)
 The force of gravity on an object (2)
 The combination of your mass and gravity holding you down (4)
Scale force
 How heavy or light something is (3)
 How much something weighs (2)
 How much an object weighs in pounds (1)
 Amount of downward force an object applies (1)
Scale or gravitational force (need for more explanation to tell)
 Amount of force applied on some object (1)
 How much force acts on us (1)
 Net force (1)
Related to mass/same as mass
 Amount of mass (1)
 Same as mass, amount of force exerted on the ground (1)
Don’t know or no response (2)

Post
Weight is…





Scale force (12)
Gravitational force (2)
Either a gravitational or
scale force (3)
Unclassifiable
 Different meanings in
different situations
 Measure of force
acting on an object
 How much force an
object pushes back
with
 Scale reading in kg

Table 13 shows that after the instruction, students’ interpreted the term “weight”, either
as the gravitational or the scale contact force, and such interpretations were more accurate
than they were before the instruction. Additionally, most students preferred the scale
force definition the most and others chose not to pick a side. In the following section,
further details are given regarding students’ preference on how the term “weight” should
be defined and corresponding reasons.
It is clear from Table 13 that there was a need for an explicit question about
students’ views concerning weight, apart from seeking their understanding contextually.
Thus an explicit question on the definition of weight was included in the revised survey
for Fall 2014. Figures 7 and 8 show the distribution of responses in the pretest and
posttest on the definition of weight.
From Figure 7, it can be deduced that even before instruction; students had an intuitive
view of weight as a scale contact force. Indeed the view of weight as how much an object
weighs, heaviness of an object, and scale reading, all point to the notion of a weight as a
scale contact force. However, the definitions lacked precision, for example scale reading
could be in units of forces or mass and how heavy or light an object is some sort of an
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informal definition. As Figure 8 shows, students developed precise views of weight as
either the scale contact force or gravitational force. Note that most students gave both
definitions and noted the language issues, although this is not demonstrated in Figure 8.
The categorization does not take into account the many compound definitions that most
students adopted. It appears that most of the definitions were in terms of the scale contact
force. The next section explores this further.

don't know/no response
pressure/volume
a quantity that varies with location
quantity measured in kgs or lbs
gravitational force
scale reading
amount of something
heaviness of an object
how much an object weighs
0
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Figure 7. Definitions of weight-pretest

unclear
amount of matter
a quantity measured in N or lbs
how heavy an object is
an extrinsic quantity of an object
gravitational force
scale contact force
0
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% of definitions

Figure 8. Definitions of weight-posttest

102

50

60

How the term “weight” should be defined post instruction
There was a question regarding students’ preference for how to define the term “weight”.
This question started by inquiring students’ conceptual understanding of gravitational and
scale forces in non-accelerated and accelerated situations. Later, it asked students’
preference for the definition of the term “weight”, and justification for that preference
(Question 9 Appendix B). The coding below mainly focuses on students’ definitional
preference and reasons for their preference. Quotes from the interviews provided further
insights.
Preference for the scale force definition
Eleven out of the 21 students preferred the scale force definition of weight, citing various
reasons including that it: (1) makes more sense, (2) is easier to comprehend, (3) relates
well to “weighing” and “weightlessness”, (4) distinguishes weight and mass for a
submerged object or an object in free fall, and (5) is what they are used to measure in
their everyday lives. Here is an exemplar quote: “Just because I feel like you can kind of
like see it and I think it’s something easier to understand or conceptualize something if
you could see it, it’s really hard for us to see gravity, in motion” (S 2)
Preference for the gravitational force
Three out of the 21students preferred the gravitational definition, citing that just because
one cannot measure weight during free fall; it does not mean absence of weight. Someone
noted that weight as a gravitational force is always there, and that it is easy to make
sense. Here is an exemplar quote from S 5.
So it is always with you, if you view it as a scale force, just because there is no contact force, you
think there is no weight, but I think that way, weight is always with you, you just can’t measure it
at certain times, depending on where you are at.

No preference or prefers both
Seven out the 21 students, preferred both definitions, citing a major reason that it all
depends on the context within which the term is used. Such students noted that they
understood both, and others noted that consistency may help in scientific communication.
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I will look for context clues to see which way makes sense, the gravitational or scale
force. Here is an exemplar quote from the interviews: “I have no preference, I understand
both concepts equally” (S 7).
It is clear that most students understood both the physics and the terminological issues,
and they were competent and confident explaining the conceptual and language issues.
This indicates that students met the objectives of the module.
Students’ interpretation of weightlessness
Question 5 (Appendix B) inquired students’ understanding of what is meant by
“weightlessness” in terms of the forces acting on an object. In another question, students
also cited examples of bodies in free fall (Question 11 Appendix B). Table 14 shows the
students’ interpretation of weightlessness and common examples cited.
Table 14: Interpretation of weightlessness and recognition of weightless situations
Pre
Post
Weightlessness means…
Weightlessness means…
 Absence of gravity (6)
 Absence of a scale contact force reading (5)
 (E.g., astronaut, girl, and the moon)
 (E.g., apple, astronaut, girl, and the moon)
 Absence of gravity and hence weight (4)
 Absence of contact force, (but its contextual) (5)
 (E.g., astronauts)
 (E.g., apple, astronaut, girl, and the moon)
(3)
 No forces acting (1)
 (Astronaut)
 Absence of contact force, (but its contextual) (2)
 (Nothing really is weightless)
 Little or no gravity (2)
 (Astronaut and moon)
 The state of being in free fall (3)
 (E.g., apple, astronaut, girl, and the moon)
 Travelling at the same speed with spaceship
 (Apple and astronauts) (1)
 No or little gravity pulling for you (2)
 (E.g., astronauts and the moon)
 Absence of weight (1)
 (Apple)
 Everything in the spaceship is moving at the
same speed (1)
 No contact force (1)
 (E.g., astronaut and the moon)
 (Apple) (1)
 Zero scale reading plus little gravitational pull
 Absence of measurable force (1)
(4)
 (Astronauts)
 (E.g., astronauts and the moon)
 Little mass and gravity (1)
 No Fs but Fg still in action (a feeling)
 (Astronauts and the moon)
 (E.g., astronaut and the moon)
 Don’t know/no response (1)
 (E.g., astronauts and moon)
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Table 14 shows that before instruction, weightlessness was explained mostly in terms of
no gravity in the spaceship. However, after instruction, this incorrect idea was relatively
rare among students’ responses. The common response after instruction was that
weightlessness refers to the absence of scale contact force on an object. This is not a
surprise because in the previous discussion, we saw that students prefer the scale contact
force for weight, and here we see that they prefer to explain weightlessness as absence of
scale contact force. Galili (1995) advocates for the scale force definition for the same
reason of consistently explaining weightlessness as the absence of weight. One other
thing from Table 14 is that prior to instruction, students mostly associated weightlessness
with astronauts in a spaceship. However, after instruction, they noted that all objects
accelerating under the influence of gravity only could be described as weightless.
In the Fall 2014 semester, a similar question (students’ views of weightlessness)
was given to students (Question 9d, Appendix C). Table 15 presents the distribution of
responses in the pretest and posttest. Clearly, the incorrect idea that there no gravity in an
orbing spaceship was clear among students before instruction. Also, their explanation of
weightlessness was closely associated with the definition of weight as scale contact force
in line with their preference for weight as a scale contact force.
Table 15: Definitions of weightlessness-pre and post
Pre
Definition
Frequency (%)
zero or little force/gravity
35
don’t know/no response
35
having/feeling no weight
18
massless
5
floating
4
Falling
3
Post
a reality, zero scale force
44
feeling no weight
33
free falling situation
11
zero or less gravity
9
unclear
3

105

For example, about 18% of conceptualizations of weightlessness was that of a situation of
zero weight. Posttest views indicated that several conceptualizations were valid (e.g.,
weightlessness as motion under gravity only-46%).
Terminological issues with the term “weightlessness”
The interviews (see Appendix D for the interview guide) demonstrated students’
awareness of language issues surrounding the term “weightlessness” post instruction.
Here are exemplar quotes from four students out of the 15 students that were interviewed.
Here students are given pseudonames S A, S B, etc.
In their mind they are defining weight as two different things, one person is using the definition of
weight as the scale force, and the other person is using the gravitational force definition. So the
person who is saying that the person just “appears” to be weightless, is just using the gravitational
definition, and another person who is saying they are weightless is using the scale force definition
because if they appear to be floating, they are not going to be able to measure, how much they
weigh, that way, so to them they are saying weightless, because they not able to get a scale
force.(S B)
There are different ways to view it. If you view it as the gravitational force, then it’s like more of
apparent weightlessness, like you just can’t measure it, but you still have I guess same weight, but
you just can’t measure it as you do on earth but if you view it as a scale force then because there is
no contact force, you don’t have any weight at all.(S D)
The only force in action on the spaceship and he astronaut is gravitational force and there is no
scale force, so because of that they look like they are in “weightlessness” and I am putting that in
quotes because it depends on how you look at because some people argue that you do have
because weight is a gravitational force others say you are apparent weightlessness because there is
no scale force so you are weightless but it’s just a controversy. (S E)
One saying they are weightless will be using the scale force because the scale and the person are
falling at the same rate so you can’t record your weight, someone using the gravitational force
approach would be measuring the gravitational force on the astronauts.(S L)

These descriptions clearly indicate that students were confident and articulate enough in
their explanation of conceptual and terminological issues surrounding weightlessness.
Students’ interpretation of “free fall”
There was a question (Question 9c Appendix C) which probed students’ understanding of
the term “free fall”. Four objects or bodies were given to students and they were asked to
circle which of them demonstrated an object in free fall. Here are the situations: 1) apple
dropping, 2) a little girl jumping up, 3) astronauts in orbit around the earth, and 4) a moon
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rising. Table 16 shows the students’ interpretation of free fall and the examples they
frequently cited. This analysis focused on pre and posttest papers for 21 students.
Table 16: Free fall definition and recognition of free fall cases
Pre
Free fall means…
 Falling under gravity only (dropping) (11)

 (E.g., apple)
 Motion under gravity (2)
 (E.g., apple)

 Unconstrained motion (3)
 (E.g., apple, and astronauts)
 Motion without any force (3)
 (E.g., apple)

Post
Free fall means…
Motion under gravity only (20)
 (E.g., apple, girl, astronauts, and the
moon)
Unconstrained motion (4)
 (E.g., apple, girl, astronauts, and the
moon)

This study’s assertion that the term “free fall” might be confusing in terms of everyday
language was confirmed because in the pretest, students often associated free fall with a
dropping apple. Here the confusing term is “fall”. We also anticipated that the term “free”
might also be misleading for students. No wonder some students, before instruction,
thought that the term “free fall” relates to motion without any force. This result can easily
be verified from Table 17 which presents the students’ understanding of free fall before
instruction (Fall 2014 survey question 9c).
Table 17: Definitions of free fall-pre and post
Pre
Definition
Frequency (%)
falling with no force
31
no response/don’t know
25
falling to ground under
23
gravity
falling without restriction
11
dropping
10
Post
motion under gravity only
46
doesn't necessarily mean
26
free or fall
unclear
11
dropping due to gravity
8
motion with little or no
7
gravity
weightless
2
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Students’ views of free fall became more exact and scientific after going through the
module. For example, a great proportion of definitions (46%) refereed free fall to motion
under gravity only, and 26% went further by noting the language issues that are
associated with the term “free fall”. The following section provides more evidence about
this from the interviews.
Students’ explanation of “free fall”-post instruction
After instruction, students recognized language issues associated with “free fall” and
identified various unusual situations as free fall situations. They either recognized those
situations as motion under gravity only or motion under no scale contact force.
The interviews demonstrated students’ awareness of language issues surrounding
the term “free fall”. Here are exemplar quotes from three students.
Free fall could be misleading because of the two words that make it up. People could assume that
“free” means there is no force acting on it, it is just going and then “fall” that is going to come
down, but honestly free fall means that any motion, upward or down as long as only gravity is in
action.(S B)
Well “free” just seems like there is no type of force acting on the object, with fall, it’s just like it
can only be going down, but as just showed with a ball going up, it’s not like in our everyday
language fall means to go down but it could be going up too, as long as there is no scale force and
just gravitational force acting. (S M)

And here is another exemplar quote: “Free may be viewed as free from contact force, but
there is still a gravitational force; a fall would be not really in terms, fall, but in the sense
of gravitational force pulling you.”(S L). This a good indication that students understood
both the physics and the terminological issues as they relate to everyday language. Some
physics educators have expressed concern that students have problems realizing various
situations as being in free fall (Gurel & Acar, 2003). This module has taken a step in
resolving such difficulties.
Survey of Students’ Views
The approach that was taken in introducing weight, weightlessness, and free fall
delineates different perspectives of science learning and teaching. The following were the
major conceptual positions that guided module development and instruction:
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1. Ideas and terminologies should be discussed in multiple contexts (Heywood &
Parker, 2001, 2010; Touger, 1991).
2. Ideas or concepts should be introduced first (using explicit terminology) before
introducing technical language (Arons, 1983; Brown & Ryoo, 2008).
3. a) Explicitly tell students about language that is ambiguous (Carroll, 1964; Flodin,
2009).
b) Explicitly reveal to students the differences or similarities between everyday and
scientific meanings of terms (Itza-Ortiz et al., 2003; Williams, 1999).
4. Contextual interpretation of the meaning of terms might help to interpret ambiguous
terms.
To explore the views of students on the instructional approach with regard to the above
positions, two data sources were used: the written survey (Appendix E) and the oral
interviews (Appendix D). Both direct and indirect questions were used to learn more
about students’ views and experiences. Results are presented below, guided by the above
theoretical positions. General comments from students are also included. Where
necessary, the results will be coupled with the previous results, for example learning
gains reported in RQ3.
The use of multiple situations
Students were asked to explain whether and how the use of multiple situations helped
them in understanding the physics behind weight, weightlessness, and free fall. Table 18
presents the themes generated from 21 randomly selected student surveys. Note that the
total number of codes might not equal the number of students. This is because the unit of
analysis was on the text and not students. This takes care of multiple views that a single
student might have shared. Table 18 indicates that discussion of the gravitational and
scale forces in multiple situations enhanced students' understanding of the physics as well
as the terminology. Of interest is the fact that students’ reported that multiple situations
helped them understand better gravitational and scale contact forces. Indeed students’
difficulties regarding weight related physics principles are very common in accelerated
environments (Gurel & Acar, 2003) and discussions of weight in “free fall” situations

109

have the potential to promote understanding of physics principles (Galili, 1995; Gönen,
2007).
Table 18: Views about the use of multiple physical contexts
Theme
Exemplar quotes
Helped to view weight as the scale force (2)
“I determined that weight is only possible if there is
an opposing force against gravity. So no scale
force=no contact force=no scale reading” (S 13)
Helped in better understanding because multiple
“Situations helped me because you get a better
situations, multiple examples (3).
understanding when the situations have different
circumstances” (S 6)
It helped to show how forces vary before
introducing technical language (1)

“Helped show the variations of the forces before we
introduced confusing terminology” (S 10)

It helped because it showed weight is ambiguous (5)

“Actually going into the elevator and watching the
scale change helped me to understand the problems
with weight” (S 11)

It helped to identify the differences between the
scale and gravitational forces (6)

Multiple situations “helped to identify differences in
scale force and gravitational force” (S 12)
“It helped me understand where Fs is present and
where it isn’t” (S 8)
“They were very helpful with how I understood how
gravity affects you in different environments” (S 2)
“The use of these situations helped me understand
the ‘weight, weightlessness, and free fall’ much
better. It was easy to understand with examples with
elevators because we could see what was
happening” (S 6)

I understood how gravity affects you in different
situations (1)
Helped understand the terms; weight,
weightlessness, and free fall (2)

This study has verified these speculations, and ascertained the theoretical position that
ideas and terminologies should be discussed in multiple contexts (Heywood & Parker,
2001, 2010; Touger, 1991). Not only does Table 18 confirm this, but also the gains
previously reported in this study (Tables 9 and 10) confirm this theoretical position.
Discussing ideas first, then technical terms later in the unit
While, the forces were discussed in multiple physical contexts, the approach avoided
polysemies WWFF at the beginning, and hence it employed direct phrases. Table 19
presents students’ views about this approach. As the table shows, working with direct
phrases (gravitational and scale forces) at the beginning proved to be useful and
admirable amongst most students. This clearly supports the notion of avoiding ambiguous
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terminology when introducing the concept. The high learning gains also support this
approach.
Table 19: Views about “ideas first before ambiguous terminology”
Theme
Exemplar quotes
It helped to demonstrate that there might be
“It helped because I saw the different circumstances that would
complications if the terms are unclear (2)
change the values of gravitational and scale forces, so that would
cause complications if the terms are unclear” (S 15)
Helped understand the physics, which in turn “I developed an understanding of the forces, which helped me
helped in the understanding of terminological understand the terminology” (S 10); “I think it would benefit
issues (8)
them presenting them later to not overwhelm them with a lot of
content knowledge. I would do the same or gradually present the
language problems” (S 9)
I learned that the term “weight” is open to
“Instead of putting a straight only one way to write weight
interpretation (4)
definition on weight, you leave it to your own interpretation”
Helped realize issues with the use of terms
“Yes, see how it gets confusing” (S 13)
(2)
Waiting to discuss the terms later set others
“I think it’s important to reveal language problems in the
into confusion (3)
beginning, so they know what to look for and don’t get confused
by a topic immediately” (S 4)

Despite this result, there was one theme, not common among students, but interesting to
explore further. This concerns the negative feeling some students had about the approach
to avoid ambiguous terminology at the beginning. An in-depth interview with one of the
instructors, and the researchers’ personal reflection of the teaching, revealed that
students’ would rather have the language problems presented to them immediately after
discussing a given physical situation. This result was taken into consideration during
module revision.
Views regarding revealing terminological difficulties
It was necessary for the study to explore the students’ views of the terminological issues
in all respects. Thus, another question investigated the students’ position regarding
whether or not they would explicitly reveal language issues in their classes. Table 20
presents the results of this inquiry.
From Table 20, one can tell the passion that students developed after going
through the instruction about language issues in science teaching and learning. It is
interesting to note that students acknowledged the importance of scientific
communication in conceptual understanding and that one pointed out that the cognitive
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level of a student matters too in whether or not one should reveal language problems.
During the interviews, other students expressed this issue too, signifying that these
students are aware of the cognitive conflict language problems may bring with it.
Table 20: Views regarding revealing language issues
Theme
Exemplar quotes
Reveal language problems, so students can
“Yes, it is something students should be aware of so
communicate ideas successfully (2)
they can communicate their ideas successfully” (S 14)
Reveal to help better understanding of concepts
(3)

Reveal the language difficulties or any other
confusion (5)
Reveal language issues to avoid further issues
at high school (2)
Reveal for the sake of general awareness of the
issue (2)
Confusing at first encounter, but easy after
discussion: Reveal to be able to interpret
weight in context (2)
Depends on the level of students. Reveal only
if they ask, can confuse students (1)
Reveal, so students should be careful with their
use of ambiguous terminology (1)

“I think it’s extremely important to reveal language
problems to students. Unless the problems are revealed,
students will have a harder time truly understanding
these concepts” (S 4)
“I think you need to be clear with your students; if there
is confusion, address it!” (S 12)
“I would like to because it will cause less trouble as
they go through high school” (S 15)
“I would do more hands-on” activities to help them
determine the difference” (S 16)
“Weight was confusing to me at first, but when we
decided that is was based on the context of the question
that helped” (S 2)
“Well, I will be teaching first grade so I probably won’t
correct them unless they ask. It will just confuse them”
(S 4)
“Definitely, I would want them to understand that
language can have ambiguous meaning and that we
need to be careful with how we use such terms” (S 5)

General comments and experiences with the terminological issues
From the instructional survey, it was apparent that students’ comments on the module
could be separated into two: general and specific to terminological issues. Thus Table 21
presents general comments while Table 21 presents terminological issues. Table 21
indicates that students enjoyed the activities that were designed to help them understand
the physics and terminology. Students enjoyed talking about weight in situations like
spaceships, on the moon and elevators, something that is mostly left to advanced
students. The comments also pointed out areas of improvement such as the need for extra
hands on activities. A note by some students on repetition seems to the result of two
issues: (1) teaching a concept in multiple situations, and (2) the teaching of language
issues does not detach one from talking about concepts. During the interviews with the
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students, it was clear that the module that brings in language issues explicitly is likely to
help conceptual understanding but may also seem to be repetitive.
Table 21: General comments on the module
Theme
Liked the module, need for more learning
experiences and less worksheet work (1)
I liked the demonstration on buoyancy (1)
I liked the module because it had open-minded
inquiry (1)

Did not like to write previous experiences, had no or
wrong prior idea (4)

Liked observations and the outer space applications
of “weight” (2)
Liked it all (2)

Did not like the repetition (2)

Liked the physics and not terminology (2)

Exemplar quotes
“I liked most of it, but I wish there would have been
more learning experiences and less worksheet
work” (S 14)
“I liked the models where we would see the
differences, such as the scale and water” (S 10)
“I liked that the module included a lot of open
ended inquiry thinking” (S 13)
“I honestly liked the entirety of it since it was more
or less group inquiry and we were able to work on
our own pace” (S 7)
“I did not like when we had to write our own
previous definitions because I usually had no or
wrong idea” (S 15)
“I would have liked to learn as we go through the
packet together” (S 4)
“I liked being able to observe things for myself and
I loved learning about the outer space applications
of “weight” (S 11)
“I enjoyed all aspects of the module. I feel that I
now have a better understanding of force in general”
(S 6)
“I didn’t like the repetition, I think it just confused
me more” (S 5)
“I would probably give more examples rather than
just giving definitions and relating it to space over
and over again” (S 8)
“I liked calculating all the forces; I thought that was
relatively easy. I didn’t like the terms “weight and
mass” (S 6)

Being exposed to terminological issues helped students in different ways. Most
importantly, it helped them understand more about the forces and the physical laws. A
closer look at the themes indicates that students generally got confused the first time they
learned that some physical terms are antagonistic with everyday language. This could
possibly entail that students lack similar lessons that expose language issues in their
science learning. This confusion in learning that weight for example, is ambiguous, could
also be interpreted as the students’ incorrect mindset that scientists mostly agree on
issues. Students acknowledge that they did not know that weight is an ambiguous term
and that knowing this information was a great experience for them.
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Table 22: Experiences with terminological issues
Theme
The approach made it difficult for me to know
which way to look at weight is better (1)
Liked the approach, helped in picking a side (1)

Terminology issues helped me, it should help my
students too (1)
Issues of terminology have been a good experience
(3)
Liked elevator and weight discussions, didn’t like
learning about weight (2)
Good experience, now knows weight is ambiguous
(1)
Enjoyed weight changes in accelerating situations
(1)
Helped in the understanding of forces/helped
emphasize any physics laws (2)
Liked weightlessness and free fall not weight (1)

Exemplar quotes
“It [the approach] made it difficult because I didn’t
know how to look at weight, I didn’t know which
way is better” (S 10)
“It [learning of the terminological difficulties] has
been a good experience because I picked a side
saying that you need scale force to determine
weight, so no scale force=no weight” (S 13)
“Yes, it helped me so should help them too” (S 16)
“This has been a good experience, had not realized
that there is an issue with the term weight” (S 6)
“I liked best learning about how elevators affect
weight. I didn’t like learning about weight itself” (S
2)
“Good experience, I enjoy physics. I now have a
good idea of what weight is and how people define
it differently” (S 1)
“I enjoyed finding how weight changes in
accelerating situations” (S 1)
“The learning of the terminologies helped me
greatly. They gave me a better understanding of
forces in general” (S 4)
“Weightlessness and free fall have been good, but
weight kind of screwed with my head because I
always assumed it was mass” (S 6)

Survey of Instructors’ Views and Experiences
Interviews with instructors were done with the aid of an interview guide presented in
Appendix B. The following results are presented with specific attention to the theoretical
positions of study.
Avoiding ambiguous terms at the beginning
Before embarking on this study, there was a concern regarding challenges that might
arise from avoiding the ambiguous terms at the beginning, owing to the fact that they are
common in people’s everyday language. Results from interviews with instructors
indicated that there were some challenges at the beginning. For example, “I stumbled a
couple of times at first, I am so used to saying weight, at least three or four times, I can
remember catching myself saying the word weight before it was addressed in the packet”.
The two instructors (as well as the researcher) noted that students found themselves using
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the term “weight” when asking questions. One instructor pointed out: “Students could
find themselves using the term “weight” when asking questions”. Students were told that
weight is a complicated term and will be explored later in the unit (“It’s a complicated
term we will discuss it later”). Despite all these, instructors acknowledged that with a
good preparation avoiding the ambiguous terms should not be a problem. For example,
“it shouldn’t be difficult, I was a little bit drained by the time we got to this, but I should
be better next time we get to this”. Both instructors stressed the fact that they, generally,
like staying away from weight in their teaching. For example, “I like staying away from
weight”. No wonder another instructor noted that “the first three sections, were simple;
but just 4 [terminological issues] was not enough”. One instructor thought that students
were not comfortable to have terminology at the end. For example; “I think the students
did not like having terminology at the end”. When probed to expound on this, the
instructor noted that it would be better to bring in terminology after discussing each
physical context. For example; “introduce weight after discussing each physical context
and not after all contexts”.
Revealing language problems
One of the conceptual frameworks for this study is that students should be explicitly told
about language that is polysemous. Instructors reported to have discussed the language
issues with students and that it is important to do so. For example,
I talked about everyday language, that it [weight] can be confused with mass, and in physics it can
be one of the two forces”. “It’s very helpful to make it explicit because otherwise, one of the
biggest problems in physics is everyday experiences, gravity is also another dangerous one, it can
mean force of gravity, the acceleration, or it can mean weight. Language can be very confusing
and it can hamper students’ ability to answer questions or to understand things, so it’s good to
explicitly teach about it.

Putting it in another way, one instructor stated that instructors must “reveal language
difficulties to avoid leaving students in suspense” and another one said; “revealing
language difficulties is an intellectual honesty”. However, one interesting thing that
arose from the interviews is that both instructors thought that language issues are more
important for introductory physics majors and not intermediate or higher levels of
physics. For example; “language issues are more important for non-majors” and “if
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someone is going to continue in and major in physics, I don’t really care, but for those
who just take introductory courses it’s important they know, in the real world to be able
to understand what surrounds you, you need to understand the differences”. Both
instructors also noted that textbooks that define weight in one way need to be
supplemented by other notes to discuss language issues, and that such textbooks are
generally problematic (“I will supplement what is missing”). “Yeah, there is definitely a
problem with that, it lacks singularity, you’ve got two definitions for the same exact
word, it’s like a function, if say something and that function has two outputs, then you are
doomed”.
Definitional preferences and knowledge of the language issues
One of the common questions when it comes to the multiple definitions of weight
concerns peoples’ preference of how the term weight should be defined. For the two
instructors, one preferred the gravitation definition and the other the scale contact force
definition. The one who chose the gravitational definition cited that it helps in problem
solving and the one who chose the scale contact force definition cited that it relates to
how weight is measured. Here are exemplar quotes from the two instructors: “weight as
a gravitational force helps in problem solving, to calculate weight, multiply mass by
gravitational acceleration”. Another quote from the other instructor: “for me I like scale
force, it is better, when people think about weight, they don’t even think about force,
even when you ask them, and they say it isn’t mass, they don’t think that if it’s not an
inherent property, something is going on in order to measure it. This measurement goes
with force, force is like the primary tenet of all Newton’s laws, classical dynamics and
like”. Although both indicated preferences, they noted that in their teaching they did not
take a side (“not all, I displayed it as a confusing term”) and that they both agreed that
students should be made aware about the existence of both definitions. One instructor
revealed that he did not know the existence of two definitions before, but now that he
knew, he acknowledged the need to teach both “I have always known weight as a
gravitational force, it is more useful, I know the word “weight” is confusing but I have
never bothered to find out, because the definition of weight as gravitational force matches
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up with problems, and it’s useful…But I now know that both are correct in different
contexts, since I know, and with what I have gone through teaching that, I think it’s
useful to teach both; that is, to teach them that there are two meanings for the term
“weight”, I think that is a good idea”. Another interesting finding from the discussion
with instructors was their view regarding whether or not there exists disagreements on
how to define weight among experts. One noted that experts are unaware of the
ambiguities “They are experts, so they don’t know the difference, like myself, I am an
expert, I didn’t know the difference”. Another instructor thought there is no disagreement
among scientists or experts. “I don’t think there is a disagreement among scientists, but
authors on how to disseminate the terminological issues”.
Teaching the two constructs and terms in multiple contexts
One of the conceptual frameworks for this study was that concepts and terms should be
discussed in multiple physical contexts to ensure context independent conceptual change
(Heywood, 2010). Out of the five physical contexts explored, instructors felt that the
orbital motion discussion of gravity and scale forces were relatively hard for them to
explain and for students to grasp. Instructors noted that buoyancy demonstration went
well (“buoyancy is a difficult concept but you have a good demonstration on that, they
see it”). For the elevator, “I liked the elevator potion, but this one on the Newton canon
experiment they had trouble with this. Because we just tell them, maybe we can have an
interactive simulation; it could help with weightlessness too”, “I think my students got
that weightlessness is lack of scale force, but I couldn’t get them to explain why there
was no scale force, when they are orbiting when there is a gravitation force”. For the
moon scenario, one instructor reported that students had trouble explaining the reduced
gravitational force on the moon using the universal law: “For the moon thing, it showed
early in class we just did do continuously touch on it. The idea of the nature of
gravitational force as it relates to mass was tackled but they never used it to explain the
principles”. Despite these challenges in teaching the gravitational and scale forces in
multiple situations, one instructor noted that “the first three sections, were simple; but
just 4 [terminological issues] was not enough”, although he further acknowledged that the
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assessment items helped to supplement this section (“That seemed to flow very well, they
were confused but the questions were really helpful, they thought that was very helpful”).
General comments (strengths and suggestions for improvement)
During the analysis of the interviews, some emerging issues arose. These ranged from the
strengths of the module, areas that need improvement, and assessment of the module.
First, both instructors thought the material was at a correct level of students (“I actually
thought it went pretty well, it was at the correct level for students, they didn’t seem like
to mind it too well, in fact they preferred it compared to the other ones”). Second, the
buoyancy and elevator discussions seemed to be the most likable parts of the module (“I
liked the elevator potion”). Fourth, instructors expressed the need to reveal language
difficulties to students and the approach that was taken to introduce concepts in this
study. Instructors pointed out areas in which the module could be improved; these are
notation issues, the wording of some of the assessment items, aesthetics (boxes for
students’ responses), explanation of weightlessness, minimizing or rewording wordy
paragraphs, discussing weightlessness in the liquid cases, getting different liquids for
buoyancy experiment, adding more hands on activities, and discussing ambiguous terms
immediately after discussing each physical context. All these were taken into
consideration in revising of the module for the second run.
Summary and Future Studies
This chapter has presented the results and findings of the instructional evaluation. It has
been shown that textbooks were limited in their presentation of weight and related
concepts and that the newly designed instructional module was effective in meeting the
intended goals of the study Students had both cognitive gains and intellectual satisfaction
benefits. The results of this study motivate plans for future studies. These include
teaching the gravitational and scale forces in additional physical contexts such as the
rotating earth and spinning spaceship (artificial gravity). One could also explore the
applicability of the conceptual framework (employed in this study) to other science terms
such as heat in physics and the gene in biology. In the next chapter, the results of the
entire study will be discussed in details and major assertions will be drawn.
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CHAPTER 7: DISCUSSION AND CONCLUSIONS
This chapter presents a brief summary of the study, draws relevant conclusions,
discusses the findings in relation to prior research, discusses the implications, and
presents the significance of the study.
Overview
The goals of the study were to examine the textbooks’ treatment of weight and related
terms, design an instructional unit and corresponding assessment items, and assess
students’ learning and views of the unit, and instructors’ experiences of the unit. The
focus terms, concepts under study have been; weight, weightlessness, and free fall. These
concepts have been shown to pose both conceptual and language issues in the teaching
and learning of physics. For example, one finds the concept of “weight” defined in at
least two different ways, e.g., as the gravitational force on an object or the force an object
exerts on a supporting scale. While the two definitions give the same value for ‘”weight”
in static cases, problems arise in accelerating frames, such as elevators or orbiting
spaceships, where the two distinct constructs, normally given the same name, give
different values. Endless conceptual and terminological confusion thus arise especially in
cases of “free-fall” and the idea of “weightlessness”. Some experts view weightlessness
in a spaceship as a reality (zero “weight”), while others view the same term
(weightlessness) as a mere feeling (an illusion of zero “weight”). The term “free fall” is a
term that confuses students too (language-wise). Some students only associate free fall
with dropping (because of the term “fall”) or they think that an object in free fall does so
without any force in action (because of the term “free”). Students rarely recognize a
spaceship as being in “free fall”. Hence, all the three polysemies: weight, weightlessness,
as well as free fall require a very careful treatment.
To meet the goals of this study, a thorough literature review was conducted. The
review generally, indicated that ideas or concepts exist outside terms or diagrams used to
represent them and that how teachers and curriculum materials communicate mediates
conceptual understanding (Arons, 1983; Brown & Ryoo, 2008). Thus, the literature
review, and my personal teaching experiences, led to the establishment of a conceptual
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framework for dealing with language and conceptual issues. These are all based on the
premise of introducing concepts in a way that does justice to the distinction between
“ideas” and various modes of representing them and an understanding that terms
generally are polysemous both in our everyday and scientific language (Mortimer, 1995).
Specifically, the conceptual framework prescribes; (1) introduction of concepts in a way
that avoids the ambiguous terminology at the beginning (Arons, 1983; Brown & Ryoo,
2008), (2) explicit acknowledgement of language difficulties to students (Flodin, 2009),
(3) paying attention to everyday vs. scientific meaning of terms (Gee, 2004), (4) use of
terms or concepts in multiple physical contexts (Touger, 1991), and (5) advocacy for
contextual interpretation of meaning (Hutten, 1948). These perspectives (theoretical
positions), provided a basis to examine the textbooks’ treatment of WWFF, design an
instructional unit and corresponding assessment items, and assess students’ learning and
views of the unit, and instructors’ experiences of the unit. The entire process involved
collaboration with other instructors, the course coordinator, participants of several
research conferences, and the laboratory manager as well as research group members.
Assertions
A major conclusion from the textbook analysis is that textbooks’ presentation of the
polysemous terms: weight, weightlessness, and free fall were limited in various ways in
relation to the guiding conceptual framework of this study. In particular, textbooks
insufficiently introduced concepts first before terminology; they rarely acknowledged the
language difficulties, seldom discussed everyday language as it relates to scientific
language, insufficiently used the ambiguous terms and concepts in multiple physical
contexts, and rarely advocated for contextual interpretation of meaning where necessary.
These conclusions justified the need for the design of the new instructional module.
Measurement of students’ learning gains after going through the novel instruction
indicated that the module was effective in as far as the meeting of the intended objectives
was concerned. There were “high” normalized gains in both semesters and in all the
classes. Investigation of students’ interpretation of WWFF before and after instruction
clearly indicated that students understood the language issues associated with WWFF
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after going through the module. Exploration of students’ and the instructors’ views and
experiences going through the module indicated that both students and instructors had
good and rewarding experiences which are rare in most science lessons. In the following
paragraphs, these assertions are explained in detail with reference to the guiding
conceptual framework for the study.
Textbook analysis
The initial task involved textbook analysis, in terms of their presentations of weight and
related terms. The assertion is that introductory physics textbooks differ in how they
conceptualize, define, and approach “weight”, and in whether they help students
appreciate and understand the distinct ways in which the polysemous term is used by
physicists. The most prevalent definition in textbooks is that weight is the gravitational
force on an object by the earth. The scale contact force (operational) definition of weight
was relatively rare among the textbook sample, despite advocates’ arguments for it. Other
possible definitions were rarely found: the net gravitational force, and the ISO definition
of weight. As noted, these definitions can broadly be grouped into two categories:
gravitational definitions and operational scale force definitions, similar to Galili (2001)’s
grouping. The first category includes: the gravitational force on an object by the earth, or
by another planet or moon, the net gravitational force, and the magnitude of the
gravitational force. Both the scale force and the ISO definition may be considered
operational definitions. About half of the textbook sample treated the ideas behind the
weight concept before introducing the name, a strategy known to be more effective for
student learning of concepts (Arons, 1985; Brown & Ryoo, 2008). Others presented a
name and definition first. In terms of terminology, this study encountered a variety of
practices, usually in a somewhat forced semantic effort to differentiate the two major
physical constructs associated with the term “weight”, in cases where the gravitational
and scale forces are not of equal magnitude, particularly for accelerating situations. While
the gravitational force was mostly associated with the term “weight”, the results in this
study have shown that the scale force idea was labeled by various descriptive terms,
including “weight”, “apparent weight”, “effective weight”, and sometimes no special
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name. Various terminologies were also encountered in the description of free fall
situations, e.g., “weightlessness” and “apparent weightlessness”. The ambiguities
associated with the description of the status of free fall in relation to reference frames
were rarely encountered, probably because textbooks did not employ the ISO definition
of weight which makes weightlessness in a spaceship frame dependent (Denker, 2002;
Iona, 1995). Semantic ambiguities were found across textbooks; for example, attaching
the same term “weight” to different physical constructs, and surprisingly, the problem
was also observed within some textbooks, as semantic and conceptual issues became
confused. Half of the textbooks studied were found to be inconsistent in how they used
the term “weight”. Only one textbook explicitly acknowledged the language issues
associated with the term “weight” by discussing both possible usages. It seemed that most
textbooks simply presented their own approach to weight without mentioning the
alternatives nor the semantic issues; they then tried to deal with semantic and conceptual
confusions by attaching various adjectives to the term weight, such as ‘true, ‘real’,
‘apparent’, and ‘effective’, and struggled to explain the conceptual and semantic status of
‘weightlessness’. The semantic issues might not pose such ongoing learning difficulties if
textbooks were explicit about the difficulties associated with using a single term for two
different constructs. That is, that the term weight is indeed polysemous, even in scientific
usage. A more radical solution might be to avoid using the term “weight” altogether
since it is at the root of so much confusion. Strictly speaking the term is not essential and
instead one could use correct descriptive phrases for the forces being referred to (Arons,
1983). But realistically, given the nature of language and usage, the term weight is not
going to go away and students encounter it in both schooling and everyday life.
However, in teaching and instructional materials, one could wherever possible, refer to
the two constructs by more accurate descriptive phrases serving to distinguish them, such
as gravitational force and scale force. Students could be made aware of the need for
contextual interpretation of the terms; ‘weight’, ‘weightlessness’, ‘apparent weight’,
effective weight’ ‘true weight’ etc., in the many cases where the intended meaning is not
made explicit.
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The analysis of how textbooks treat weight conceptually indicated several
inadequacies. In terms of the distinction between weight and mass, most textbooks were
careful in addressing student difficulties when differentiating the two, usually by
contrasting their properties. Nevertheless, books did not often explicitly state that weight
is not an intrinsic property of an object. Most textbooks introduced the term weight only
with reference to non-accelerating situations (e.g., an object at rest on the ground) and did
not adequately clarify the concept for accelerating situations or buoyancy cases. Only
half of the textbook sample treated the concept adequately in buoyancy situations. The
physics behind the two distinct but related physical constructs associated with weight was
not presented clearly or explicit enough, particularly for accelerating situations such as
spaceships, despite the fact that student conceptual difficulties are be prevalent for such
situations (Gurel & Acar, 2003; Sharma et al., 2004). Several textbooks did not mention
the fact that scale force as measured on earth is affected by the earth’s rotation.
Discussions of weight-related conceptual and semantic issues for accelerating objects
were inadequate or absent in many textbooks. The elevator example was generally treated
fairly satisfactorily, but treatments of the orbiting spaceship and the issue of
weightlessness were generally less than satisfactory and sometimes exacerbated
conceptual and semantic confusions rather than clarifying the confusions. Textbooks
tended to relate the free fall case for an elevator to the space ship situation, but using the
phrase “free fall” in the orbiting situation risked more confusion. Both the words “free’
and “fall”, when used in the orbiting case, can be seen as somewhat misleading
misnomers, probably hindering learners more than helping them. This suggests that the
conceptual and the language issue around “free fall” should be explicated fully or perhaps
the term could be used sparingly if at all. The results of textbook analysis justified the
need for the design of the new instructional module.
The novel instructional approach and learning gains
Given the conceptual and language issues involved with WWFF, instruction and
assessment items were developed to teach and assess both constructs (gravitational and
scale contact forces) in multiple contexts and make the language issues explicit. Results
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indicated that the average normalization gain for all the classes, in both semesters (spring
and Fall 2014) was high. There were high gains also in almost all the classes from both
semesters signifying that the unit substantially met the intended objectives across all the
three sections of the course. Effect sizes for all the classes, in both semesters were all
high (Cohen’s d above 0.8), indicating that the gains were practically significant across
all the classes. All these results justify the assertion that that the unit, overall, was
effective in meeting the intended objectives. After computing normalized gains for each
question or physical context, it was shown that there were medium and high gains, with
high gains being the majority in both semesters. This indicates that the students’
developed a context independent conceptual understanding which was one of the
intentions of the new packet. Heywood and Parker (2010) noted that most students have
problems understanding the concept of force across multiple physical contexts. Several
other studies have indicated that students are not very consistent in the way in which they
apply their conceptions in multiple scenarios (Galili & Bar, 1997; Halloun & Hestenes,
1985; Potari & Spiliotopoulou, 1996). The unit was effective in helping students
understand the gravitational and contact forces in multiple situations, i.e., for an object in
a liquid, elevator, on the moon, and in a spaceship. It might also be argued that the way
the forces were introduced in both the module and the assessment survey, helped in
making the concepts clear and understandable. This actually aligns with the work of
Brown and Ryoo (2008) and (Arons, 1973, 1983) who noted the usefulness of avoiding
ambiguous terminology. Thus, the apparent “high” gains may be attributed to using
descriptive or direct phrases such as gravitational and scale contact forces. This assertion
was easily verified from the students’ views of the module. Despite these gains, the
assessment confirmed the assertion that the spaceship problem is difficult for students to
grasp, especially in explaining reasons behind the scale force being zero for an orbiting
astronaut. There were closely related gains for the spaceship problem and the elevator
dropping freely signifying the insufficiency in explaining the absence of scale contact
force in such cases. The concept of mass was assessed across all contexts. Results
showed improved understanding of mass as the quantity of matter, or the measure of
inertia of an object, and an intrinsic property of an object. Before instruction, mass was
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often defined as an amount of space or volume an object takes and as an invariable
quantity.
Students’ interpretation of WWFF before and after instruction
It is clear that before instruction, students had vague views of the concept of weight. For
example, weight was defined as a combination of mass and gravity, or how heavy an
object is or the term “weight” was equated to mass. All these results have also been found
from a variety of studies and students (Galili, 1993; Heywood & Parker, 2001). After
instruction, students’ interpretations of the term “weight”, was either the gravitational or
the scale contact force definition and the definitions were more accurate than they were
before the instruction. Additionally, most students preferred mostly the scale force
definition and others chose not to pick a side citing that they were comfortable with both
and that it is a matter of opinion ad definition. It is clear that students understood both the
physics and the terminological issues, and were competent and confident in their
explanation of both the concepts and the associated language difficulties. This indicates
that the module met the objectives of the lesson, both conceptual and terminological
aspects. One other issue that the term “weight” has to do with is its being confused with
mass. Thus the module included a discussion of mass as the amount of matter or a
measure of inertia and different from weight. This study showed that before instruction,
several pre-service teachers had an incorrect view of mass as volume occupied by an
object, a result that was rarely present in a similar study (Gönen, 2007). However, most
of the definitions of mass in this study (pretest) are similar to those found by Heywood
and Parker (2001) who inquired student teachers’ understanding of mass. These include
definitions of mass as weight of an object, amount of space, and amount matter.
Interestingly, although the instruction did not touch on gravitational and inertial masses
and the equivalence principle (Gönen, 2007), students’ responses regarding mass in the
posttest could easily be seen to resemble ideas of mass in terms of either gravitational and
inertial mass. Thus, definitions such as “mass is a quantity that is acted upon by gravity”
and “mass is a measure of inertia of an object” were noted after instruction apart from the
common understanding of mass as a quantity of matter. Thus the module helped in
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improving students’ conceptual gains as well as terminological issues with weight. For
the case of weightlessness, before instruction, it [weightlessness] was explained mostly in
terms of no gravity in the spaceship. This is a similar result that was obtained by Tural et
al. (2010) in their qualitative comparison of pre and posttest understanding of
weightlessness among student teachers. These and other authors have attributed this
incorrect idea to the definition of weight as a gravitational force in the curriculum. In this
study, after introducing students to both definitions of weight, the incorrect idea of no
gravity in a spaceship was relatively rare among students’ responses. The common
response after instruction was that weightlessness refers to the absence of scale contact
force on an object. This is not a surprise considering that most of them indicated a
preference for the scale force definition of weight. Galili (1995) advocates the scale force
definition for the very same reason of explaining weightlessness consistently as the
absence of weight. However, he has not provided any empirical evidence for students’
preference for this definition. Further, he insists teaching one definition, thereby risking
further confrontations when students’ encounter the other possible definitions in their
curriculum and learning. Results also indicated that prior to instruction, students mostly
associated weightlessness with astronauts in a spaceship. However, after instruction, they
noted that all objects accelerating under the influence of gravity only could be said to be
weightless. Several responses from the interviews clearly indicated that students were
confident and articulate in their explanation of conceptual and terminological issues
surrounding weight and weightlessness. In the case of the term “free fall”, the study
confirmed that everyday language may limit conceptual understanding. Before
instruction, speculations were made about the term “free fall” indicating that the term
might be confusing in terms of everyday language. It was interesting to see this
confirmed in this study. Thus, in the pretest students often associated free fall only with a
dropping apple probably because of the term “fall”. We also anticipated that the term
“free” might also be misleading for students. No wonder some students, before the
module, thought that the term “free fall” is associated with motion without any force.
After the module, students noted this language issue and recognized various unusual
situations that are also free fall cases (e.g., orbing astronauts). They either recognized
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those situations as motion under gravity only or motion under no scale contact force. This
is a good indication that students understood both the physics concepts and how they
relate to terminological issues as well as everyday language. Some physics educators
have expressed concern that students have problems realizing various situations as being
in free fall (Gurel & Acar, 2003). This module has taken a step in resolving such
difficulties.
Students’ views of the unit
Student views of the module were random, some relevant to the study and others not. An
effort to focus on views that are closely associated with the study, specifically the chosen
conceptual framework was made. First, students’ views indicated that discussion of the
gravitational and scale forces in multiple situations enhanced their understanding of the
physics as well as the terminology. Further, working with direct phrases (gravitational
and scale forces) at the beginning proved to be useful and admirable by most students.
This clearly supports the notion of avoiding ambiguous terminology when introducing
concepts. Despite this result, a small fraction of students noted that the approach to avoid
ambiguous terminology at the beginning set them into confusion. During an in-depth
interview with one of the instructors, it was clear that that students’ would rather have the
language problems presented to them immediately after discussing a given physical
situation and not after covering all the physical contexts. This result was taken into
consideration during the module revision in the second run. In terms of students’ views
regarding revealing language issues in classes, most students supported this idea. During
the interviews, some students expressed the need to check developmental level of
students when one wants to bring in the language issues. This signifies that such students
are aware of cognitive conflict that language problems may bring with it. Also students’
feedback on the module indicated that the activities they had were designed to help them
understand the physics and terminology. Students enjoyed talking about weight in
situations like spaceships, on the moon’s surface and in elevators. The comments also
pointed out areas of improvement such as the need for extra hands on activities. There
was also a note from some students on repetition of ideas, likely due to: (1) teaching a
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concept in multiple situations, and (2) bringing in an issue of language, which does not
detach one from talking about concepts. During the interviews with the students, it was
clear that instruction that brings in language issues explicitly is likely to help conceptual
understanding but may also seem repetitive. Being exposed to terminological issues
helped students in different ways. Most importantly, it helped them understand more
about the forces since language mediates conception (Scott et al., 2007). A closer look at
the themes indicates that students generally got confused the first time they learned that
some physical terms are antagonistic with everyday language. This could possibly entail
that students lack similar lessons that expose language issues in their science learning.
This confusion in learning that the term “weight” for example, is ambiguous, could also
be attributed to an incorrect mindset that students have regarding scientists. Indeed,
scientists sometimes are in conflict on specific issues. Students acknowledge that they did
not know that the term “weight” was/is ambiguous and that knowing this was a great
experience.
Instructors’ views of the unit
Before embarking on this study, there was a concern regarding challenges that might
arise from avoiding the ambiguous terms at the beginning, owing to the fact that they are
common in people’s everyday language. Results from interviews with instructors,
indicated that there were some challenges at the beginning. The two instructors (as well
as me) noted that students could use the term “weight” naturally. Students were told that
weight is a complicated term and would be explored later in the unit. Despite all these,
instructors noted that with a good preparation and getting used the approach, avoiding the
ambiguous terms should not be a problem. Both instructors stressed the fact that they,
generally, like staying away from the term “weight” in their teaching. One instructor
thought that students were not comfortable to have terminology at the end and proposed
that it would be better to bring in terminology after discussing each physical context an
approach that was followed in the next run of the packet.
One of the conceptual frameworks for this study is that students should be
explicitly told about language that is polysemous. Instructors reported to have discussed
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the language issues with students and that it was and is important to do so, so that
students should not be left in suspense and for the sake of academic integrity. My own
contribution is that revealing language issues contributes to an advocate for the nature of
scientific communication, and it validates the need for contextual interpretation of
meaning (Fukkink & de Glopper, 1998). One interesting issue arose from the interviews:
both instructors thought that language issues are more important for introductory physics
majors and non-majors and not intermediate or higher levels of physics majors. The main
reason for this was that it might help such introductory level students in the real world to
be able to understand scientific communication. Both instructors also noted that
textbooks that define weight in one way need to be supplemented by other notes to
discuss language issues and that such textbooks are generally problematic. One of the
common questions when it comes to the multiple definitions of weight concerns peoples’
preference of how the term weight should be defined. For the two instructors, one
preferred the gravitational definition and the other the scale contact force definition. The
one who chose the gravitational definition cited that it helps in problem solving and the
one who chose the scale contact force definition cited that it relates to how weight is
measured. Although both indicated preferences, they noted that in their teaching they did
not take a side and that they both agreed that students should be taught the existence of
both definitions. One instructor noted that he did not know the existence of two
definitions before but, now that he knew, he acknowledged the need to teach both.
Another interesting finding from the discussion with instructors was their views
regarding whether or not there exists disagreements on how to define weight among
experts. One noted that experts are unaware of the ambiguities and the other instructor
thought that there is no disagreement among scientists or experts, just educators on how
to disseminate the information. It appears that instructors were trying to imply that the
physics is clear but it is ultimately a problem of communication.
One of the conceptual frameworks for this study was that concepts and terms
should be discussed in multiple physical contexts to ensure context independent
conceptual change (Heywood, 2010). Out of the five physical contexts explored,
instructors felt like the orbital motion discussion of gravity and scale forces were a bit
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hard for them to explain and for students to grasp, more especially in explaining why
there is no scale contact force for an orbiting astronaut. This was not surprising
considering the relatively smaller gains on the spaceship problem. Also, various studies
have acknowledged how difficult the spaceship problem is for both educators and
students (Sharma et al., 2004). Instructors noted that buoyancy demonstration went well.
The elevator problem went on well, even in my class, however Newton canon experiment
did not go all that well, as noted by one instructor who proposed that it may require an
interactive simulation, which could in turn help with the discussion of weightlessness too.
For the moon scenario, one instructor noted that students had trouble explaining the
reduced gravitational force on the moon using the universal law of gravitation. Despite
these challenges in teaching the gravitational and scale forces in multiple situations, one
instructor noted that the discussion of the gravitational and scale contact forces in
multiple situations was simpler than introducing the terminology issues. The instructor
further acknowledged that the assessment items helped to supplement the terminology
section and was useful in teaching language issues.
From the discussion with instructors, some emerging issues arose. These ranged
from the strengths of the module, areas that need improvement, and assessment of the
module. First, both instructors thought the material was at a correct level of students.
Second, the buoyancy and elevator discussions seemed to be the most likable parts of the
module. Fourth, instructors expressed the need to reveal language difficulties to students
and the approach that was taken to introduce concepts in this study. Instructors pointed
out areas in which the module could be improved; these are notation issues, the wording
of some of the assessment items, aesthetics (boxes for students’ responses), explanation
of weightlessness, minimization or rewording of wordy paragraphs, discussion of
weightlessness in the liquid cases, getting different liquids for buoyancy experiment,
adding more hands on activities, and discussion of ambiguous terms immediately after
discussion of each physical context. All these were taken into consideration in revising
the module for the second run. This improved instruction (as weight issues were
discussed immediately after each physical context), however, it did not have an effect of
the average learning gain or the feedback that students provided regarding the module.
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Implications
The ultimate goal of science learning is conceptual understanding. An effort to bring
about this conceptual understanding meets with various hindrances as testified by the
literature review of this study. These hindrances include definitional and terminological
issues, context dependent conceptual understanding, and the problems associated with
everyday vs. scientific language. This project has demonstrated the possibility of teaching
concepts using direct phrases (thereby avoiding ambiguous terminology at the beginning
of instruction), teaching of concepts in multiple concepts (to aim for context independent
conceptual understanding), and making the language issues explicit to students (to
humanize science, resulting in both cognitive as well as affective benefits or students).
Through quantitative and qualitative analysis of students’ responses pre and posttests, it
has been shown that students can do much better if polysemies are avoided, and if
concepts are taught in multiple situations using explicit terminology and, also language
issues are revealed both in everyday and scientific contexts. Analysis of data has shown
that students are willing to understand any terminological difficulties that exist among
experts. A broader implication for this study is that, instruction of terms that pose
language issues should be approached using the conceptual framework adopted in this
study. The following subheadings highlight this broader implication with attention to the
theoretical positions of this study. Note that all the theoretical positions are related in one
way or the other. They are discussed separately just for convenience, and it should not be
surprising to see various theoretical positions discussed under a single one.
An idea first before terminology
The broader goal, beyond concept definition, is surely conceptual understanding of all the
physics principles involved and the ability to apply them in various situations. This
justifies an instructional approach that was used in this study, which among others,
emphasized ideas first before scientific terminology, especially for terms that pose
language difficulties (Arons, 1983). An emphasis on ideas is an instructional approach
that is supported by several experts, such as Braithwaite’s who noted that we have
become prisoners of the symbols we invented ourselves (Braithwaite, 1932). In this
131

study, concepts were signified using direct or descriptive phrases, i.e., gravitational and
scale contact forces together with force diagrams. Terminologies were introduced later in
the unit. This approach was favorable, and contributed to the high learning gains. This
sends a clear message regarding how to handle ambiguous terms, or polysemies and
unfamiliar terminologies to students. For example, the term nucleus is ambiguous and its
ambiguity stems from having multiple meanings in different disciplines. A nucleus in
biology means the central part of a cell, on the other hand, in physical science it means
the center of an atom comprising of protons and neutrons. A teacher who starts using the
term nucleus in his/her class risks sending confusing message to students. A sensible
approach is to use a simple phrase such as “central part of an atom” coupled with a
diagram showing a cluster of neurons and protons. The name “nucleus” may be used later
and the variety of meanings may be exposed to the students and could be asked to
interpret the term in context. Gravity is another term, which is used differently among
different experts. The term may mean gravitational force or gravitational field or
gravitational acceleration (Williamson & Willoughby, 2012). Introducing gravitational
force and gravitational field may help the students to grasp the concept better.
Teaching concepts in multiple contexts
Apart from introducing ideas before terminology, the approach also discussed the
relationship between gravitational and scale contact forces in various non-accelerating
and accelerating situations, as a firm basis for discussing the physics. This resulted in a
context independent conceptual development as seen from higher learning gains for
various physical situations. Further, this approach helped students to grasp the language
issues as testified from the surveys and interviews. These results agree with our
proposition as well as several other authors who have advocated for context independent
conceptual change and the inculcation of terms in various situations (Heywood & Parker,
2010; Touger, 1991).
Explicit acknowledgement of language issues among scientists
Terms that are ambiguous among scientists are often hidden to students. This study has
shown the possibility of revealing to students' language that is ambiguous. Remember the
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essence of the problem about weight is that two distinct but related physical constructs
have been assigned the same name, and that the way we use the name suggests that it is
an inherent property of an object. All this trouble is stirred up by a term which
scientifically speaking is not even essential in describing the physical phenomena; the
physical constructs are clear enough without it. But realistically, ignoring completely the
term weight and several other similar terms do not seem a useful approach. This study
has shown that apart from student cognitive learning gains, explicit awareness of the
language issues has the following other advantages: it acknowledges the nature of
scientific communication, it has affective advantages in that students feel confident about
themselves, and it justifies the contextual interpretation of meaning. There are several
ambiguous terms, such as weight and heat, having multiple meanings among experts, and
so, this study ultimately entails awareness of these issues to students. For example,
similar to the terms “weight” and “heat” in physics, the concept of a gene (in biology) has
multiple referents, and hence, it is ambiguous and explicitly telling students about this
ambiguity may be crucial to the teaching of genetics (Flodin, 2009). The instruction
about gene can best be approached by postponing the term “gene” and discussing the
underlying multiple meanings using clear terms or phrases. There are some historic and
misleading phrases such as “electromotive force”. They too need to be explained
explicitly to students. Of course, some textbooks have already cautioned readers that the
phrase electromotive force is a misnomer (Cutnell, 2009; Giancoli, 2000; Halliday et al.,
2005; Knight, 2013; Serway, 2010; Young & Geller, 2007), and others such as
Kirkpatrick and Wheeler (2001) and Hewitt (2015) rarely (if not) mention this phrase in
their textbooks. Such terms, although having a unique meaning among scientists, they are
misleading language wise. As we are going to see in the section concerning contextual
interpretation of meaning, throwing out historic terms may not necessarily be a proper
choice, especially for common and historic terms such as “weight”. Even the term
“gravity” suffers language issue among scientists. The term gravity has been associated
with the attractive force that depends only on mass distribution and it has also been
associated with the effective or observed gravity that is measured in accelerated frames
(Gurel & Acar, 2003). Williamson and Willoughby (2012) designed questions to test
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students’ understanding of gravity; however they were slack in the wording of their
questions (in terms of the use of the term “gravity”), arguing that it [terminology and
notation] “is not readily applicable to Astronomy students, who often are not required to
draw force diagrams, understand superposition, or articulate the differences between
mass, weight, force, and acceleration (p. 3). In their own words “in many questions we
simply refer to “gravity,” rather than specifying the “force,” “acceleration,” or “field.
Unfortunately, the authors noted that this thinking and the lack of precision of the term
“gravity” “may not have been entirely appropriate as some students misinterpreted
questions” (p. 13). The authors recognized this terminological issue as a limitation of
their study and promised to be more cautious with terminology in their future study. This
is a great example indicating that acknowledging the language issues seems the most
viable approach in science education. Elimination of words as suggested by others
(Brown, 1999) seems not to be the best solution, after all the teaching of the history of
science cannot proceed by such an approach. A student who knows the language issue
will have a chance to learn how past scientists were thinking and will not be misled by
any historic and misleading terms. Take an example of the use of an engine and a motor
which were used differently in old days but now they are interchangeable (Eiss, 1961).
No term has been dropped, meaning that adhering to definition is not always possible.
Note that similar but even greater language and conceptual difficulties arise for the term
“heat”, which has multiple usages, both scientifically and in everyday use, and is
polysemous both as a noun and a verb!. Indeed the term “heat” is defined as internal
energy or exchanged heat among different experts. The following section is dedicated to
language issues between everyday and scientific meanings.
Everyday and scientific language–explicit awareness
The students in this study were taught issues related to everyday vs. scientific language.
For example, students learned how the term “weight” is used in our everyday language
and then in scientific language. In their feedback, they acknowledged this as a sound
approach to teaching science. The example of “free fall” proved the fact that everyday
language can be misleading to the understanding of science as noted from students’
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association of free fall with either dropping only, or motion without any force. This is
applicable to many other physics concepts, such heat, which have multiple usages, in
both scientific and everyday situation, and is polysemous both as a noun and a verb! (See
a section on contextual interpretation of meaning in this chapter). A student who
understands the scientific language will not be surprised to learn that although heat is hot
in our everyday language, it does not necessarily need to be hot in terms of scientific
language and the student can easily assimilate the concept of heat as exchanged energy
(Wiser & Amin, 2001). They will assimilate the underlying concept of the term “force”
as it is known in physics, and accept the fact that it has other meanings in everyday
language. Thus, they will easily adopt a conceptual interpretation of meaning and be
comfortable with the fact that terms both in everyday and scientific language are
generally polysemous (Mortimer, 1995). Learning the scientific language itself is vital in
the understanding of concepts; indeed, Papageorgiou and Sakka (2000) found that
students misunderstood some chemistry concepts since they were not familiar with the
language of chemistry and their thinking was being influenced by the everyday use of
some terms. This study has documented that awareness of the differences or similarities
between everyday and scientific language has the potential of facilitating conceptual
development, i.e., a transition from conceptualizing a term in everyday meaning to the
scientific view. This implies that an educator needs to be aware of the students’
common/everyday interpretations of terms and explicitly invite the learner to adopt the
scientific language. Note that some textbook authors are careful in the way they define
their terms. For example, Cutnell (2009) defines force as “In common usage, a force is a
push or a pull’ (p. 87) and Halliday et al. (2005) define force as “loosely speaking a push
or pull on the object” (p. 88) while Kirkpatrick and Wheeler (2001) define force as
“casually speaking a force is a push or a pull” (p. 32). The use of phrases (such as “in
common usage”, “intuitively”, “casually speaking”, “in the simplest sense”, and “loosely
speaking”) in essence, entails awareness of multiple usages of terms, no wonder more
sophisticated definitions of the term “force” are provided by such textbooks later in their
textbooks. This study supports the view of making students aware of the existence of the
multiple languages and explicitly revealing the diverse referents they point to (Hodson,
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1998). The feasibility of this approach has also been noticed in the teaching of quantum
mechanics to high school students (Fischler & Lichtfeld, 1992). Wiser and Amin (2001)
noted that the approach has both cognitive and affective advantages in that it
acknowledges the students’ conceptualization since the students’ view is validated and
explained scientifically. Indeed, in this study, students indicated this affective benefit, by
acknowledging that it is important to know the differences and/or similarities between
everyday and scientific language. The teaching approach in this study validated students’
conceptions, for example, most students first thought about free fall as dropping, but later
they expanded their conception to orbital motion and upward motion, as long as the only
force is gravity. It is my belief that this study will send a message to various areas of
physics teaching where language is an issue.
Contextual interpretation of meaning
Regarding the terminological issues with the term “weight”, one simple escape measure
would be to talk wherever possible about gravitational force and scale contact force,
freeing educators to focus on physics fundamentals. Most existing work has argued in
favor of either one or the other definition of weight as the correct or best definition,
suggesting that this be prescribed in instruction and hoping to eliminate confusion.
Textbooks likewise adopt one or the other definition and introduce various adjectives
such as ‘true and ‘apparent’ in describing accelerating situations. However, in this study,
there was a clear view that the issue will not be resolved this way because it is ultimately
not an issue of physics but of language and usage; indeed, two perfectly good physical
constructs have been given the same name, “weight”, so that the term is polysemous,
even among scientists. This implies that understanding how the conceptual and language
difficulties arise and manifest themselves should enable one to adopt the approach taken
in this study. It is essential to recognize that as long as two important constructs go by the
same name, there are bound to be terminological issues and confusions, and that
scientists and students alike will need to be aware of this and infer meaning from context.
This is unfortunate perhaps for a ‘scientific’ term, but contextual interpretation is a
characteristic of language. Therefore, scientists, teachers and students all have to be
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aware of and work with the polysemous nature of “weight” and “weightlessness”, rather
than against it or ignore it. One can certainly teach one’s own students one way only but
they will also encounter it the other way elsewhere, no matter what. Note that, the way
the term is used in sentences may actually engender misconceptions. Thus we talk of “the
weight of an object”. The “of” seems to imply that weight is an intrinsic property of the
object, which it is not. The grammatical structure misleads us to think of weight as
something that the object has, rather than being an interaction force with another object,
usually the earth. By contrast, for the concept of mass, when we say “the mass of an
object”, the grammatical structure fits the nature of the concept, suggesting a correct
sense of mass as an attribute of the object itself. It would not be surprising if the
grammatical similarity in the two cases may suggest to students that weight and mass are
ontologically of the same kind, though they are not. The shared grammatical structure
may also contribute to the common confusion between weight and mass. The way we talk
about things tends to shape how we think about them. Thus, just like in this, students
should be introduced to contextual interpretation of meaning. It is well known that the
term “heat” has an everyday interpretation not necessarily equivalent to the scientific
meaning. This does not imply that a teacher or a curriculum material cannot in any way
use the term “heat” in everyday language. As long as the language issue is made explicit
to students in our teaching, then contextual interpretation follows naturally. Many
textbooks use heat to imply hotness, and in some sections the term “heat” is carefully
used to mean exchanged heat. This is totally feasible as long as the book or the teacher
makes this language issue clear to the students. Indeed, contextual interpretation of word
meaning has “a sound and persuasive rationale” (Jenkins, Matlock, & Slocum, 1989, p.
218). I acknowledge that it might be a difficult task for students to try to decipher the
meaning of unknown words (Daalen-Kapteijns, Schouten-van Parreren, & De Glopper,
1993). However, once the various meanings associated with a term are explicitly revealed
to the students, it should be easy for students to infer how words are used in sentences
(Fukkink & de Glopper, 1998). This study has shown that textbooks used the term
“weight” in various ways, as a gravitational force or scale contact force and did not
explicitly reveal the language issue to students. This study has a strong implication
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towards explicitly sharing with students’ language issues and proposing a contextual
interpretation of meaning where necessary. Bridgman’s statement sums it all, “What a
man means by a term is to be found by observing what he does with it, not by what he
says about it” (Bridgman, 1955, p. 5).
Significance of the Study
The study has a potential to help students to learn to differentiate concepts from the
various names that may be associated with them as well as possible confusions that may
arise in teaching and learning due to language issues. The textbook analysis results reveal
the problems in the textbooks and invite educators to recognize the language issues and
consequently supplement their teaching materials with others or to go beyond textbook
explanations for better learning outcomes. The textbook analysis also sends an important
message to authors of introductory textbooks to be mindful of language issues in their
writing. The developed instructional unit (Appendix A) promises greater insight into
students’ understanding of language issues in science education. Hopefully, it will set as
an example on how to teach several other terms that pose language issues. In particular,
the study invites educators to (1) introduce complex terms using direct phrases at the
beginning (to minimize the burden of ambiguous terminology), (2) explicitly reveal the
language issues to students (for both cognitive and intellectual satisfaction), (3) advise
students to adopt a contextual interpretation of meaning where necessary (in line with the
general nature of language), and (4) employing the terms in multiple physical situations
(to demonstrate language issues and inculcate context independent conceptual
development).
The assessment items that have been developed in this study may also serve as an
example on how to assess polysemies in science. Because language is a special science
discipline that concerns science education (other disciplines include philosophy of
science and nature of science) (Duit, 2007), the significant gain between the pretest and
posttest should be encouraging in as far as explicit teaching of both conceptual and
language issues in physics is concerned. Thus, there is a hope that other educators will
employ the teaching approach advocated in this study. It is important to note that besides
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the cognitive learning gains, students in this study expressed contentment after learning
that experts too do have disagreements on how to communicate some terms. This is an
intellectual satisfaction benefit which could probably explain the impressive cognitive
gains. Wiser and Amin (2001) stressed that introducing students to both the scientific and
everyday meanings of terms has affective advantage. It appears that awareness of
language issues is part of motivational issues in teaching. Indeed motivational issues are
quite important in student cognitive achievement (Kan & Akbaş, 2006). The other
advantage of the study is that being a research-based instructional approach, the newly
designed unit may in turn prove to be a useful section of the mechanics section of an
introductory physics course as it was favorable by most students.
To sup it all, the study deduced theoretical positions that guided textbook
analysis, the design and evaluation of the novel instructional approach on WWFF.
Textbooks were explored to investigate how they develop the concepts and use the terms
in relation to the physics constructs involved. Results indicate that half of the textbooks
introduce names (such as weight) prior to concepts and several textbooks inconsistently
employ the term “weight”. The extent to which textbooks address the language issues and
the different meanings associated with the term “weight” was investigated. Results
indicate that the language issues are rarely explicitly addressed. Further, the terms are not
discussed in multiple physical situations, thereby concealing the language issues. The
novel instructional approach resulted in huge student learning gains, which are practically
significant. Students’ interpretations of WWFF after instruction revealed that they
(students) were well conversant with the associated language problems. Finally, students’
and instructors’ views of the new instructional approach were investigated. Results
indicate that students showed contentment in learning that even experts disagree on how
to communicate some concepts. Thus, students demonstrated both cognitive gains and
intellectual satisfaction after going through the module. Instructors also expressed their
support on the teaching approach. The important message (empirically validated!) is that
educators should consider introducing ambiguous terms using some or all of the
approaches employed in this study, i.e., using direct phrases at the beginning (to
minimize the burden of technical language), explicitly revealing the language issues to
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students (for both cognitive and affective benefits), advising students to adopt a
contextual interpretation of meaning where necessary (in line with the general nature of
language), and employing the terms in multiple physical situations (to demonstrate
language issues and inculcate context independent conceptual development).
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Gravitational and Scale Forces in Multiple Situations: Weight, Weightlessness and Free Fall
(Note: spaces for student responses have been removed or reduced)

Name:…………………………………………………..

INTRODUCTION
In the last section, we learned the different kinds of forces. We categorized forces as those that act at a
distance (e.g., electric and magnetic forces) and those that act by contact (e.g., frictional forces). In this
module, we will focus on one action at a distance force and contact forces. We will investigate these forces
in relation to each other in multiple situations and later on we will investigate the different ways these
forces are named.
INSTRUCTIONAL APPROACH
This module takes an inquiry-based approach to introduce new concepts and terminologies. Your effort in
providing prior knowledge is very important for this approach to be successful. Thus there are several
spaces for you to fill in and the instructor will be providing the necessary guidance just as in the previous
sections of this course. This module is sectioned into various “concept units” and each has its own
objectives and corresponding assessment items. After going through each section, make sure you have met
each objective and be able to work on all assessment items.
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Concept unit 1: The gravitational force
1.1 Introduction
An apple falls to the ground when it loses its support from a tree; a pen falls from a table when given a
push; and a soccer ball returns the ground after being kicked up in the air. Have you ever wondered why
objects behave this way? Write your ideas in the textbox below:
1.2 Investigating the gravitational force
Open the link: http://phet.colorado.edu/en/simulation/gravity-force-lab and try to play with the simulation
then list some questions of interest for investigation.
The instructor will guide in exploring some questions of interest, for example:
1. What happens to the gravitational force when you increase or reduce any one of the two masses?
2. What happens to the gravitational force when you increase or decrease the distance between the
two masses?
3. State Newton's third law for gravitational forces (i.e., what is the relationship between “force on
m1 by m2” and “force on m2 by m1”)
4. Summarize the nature of gravitational force
In your discussion above, you might have realized that there must be a force responsible for objects
returning to the ground after being dropped or kicked up in the air. A charming legend attested to by
Newton’s niece is that he first conceived of such kind of a force as a universal attraction after seeing an
apple fall from a tree. This attraction is commonly called the gravitational force. Newton noted that this
gravitational force decreases rapidly with an increase in distance from the Earth and vice versa and that it is
proportional to the product of the two masses involved. The latter statement is called Newton’s law of
gravitation. The instructor will share with you, what is meant by “distance between two masses” with the
aid of a diagram.
1.3 The gravitational force near the earth’s surface
In our discussion of kinematics, we calculated acceleration of an object that is acted upon by gravitational
force only. We noted that this acceleration is represented by ag. The value of ag is assumed to have a
constant value of 9.81m/s/s at any place on the earth’s surface. This value is also often approximated to
10m/s/s for convenience. According to Newton’s second law, if we know the mass of an accelerating object
and its acceleration, we can calculate the net force acting on it. For example, if you drop a massive object
(that is not affected by air resistance), say, a 5kg object, it is accelerated to the ground under the influence
of gravitational force only according to our discussions above. What might be the force acting on this 5kg
object? Work out your solution in the box below:
Summary
Thus the gravitational force (in newtons (N)) acting on an object near the earth's surface can be calculated
as:

Fg  mag
Where m is the mass of an object and ag is the measured acceleration of an object when falling down due to
the influence of earth’s gravitational force only. Remember, we will take the value of a g, as 10 m/s/s at any
place on the earth’s surface. Thus, all objects regardless of their masses, in the absence of air resistance fall
at the same rate of 10 m/s/s. Given two different masses, how can we verify this without actually measuring
the acceleration of each object? Then try it.
Reading assignment: Go online and read about Galileo's leaning tower of pisa experiment. You may talk
about it in the next class meeting. Your instructor will provide a video demonstration.
1.4 Important Points about Gravitational Force
1. Gravitational force is a “non contact force” and cannot be blocked (for example, by another mass).
2. Newton’s law of gravitation is universal, in the sense that it applies to every object in the universe.
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3.
4.
5.

6.

The strength of gravitational force depends only on the mass of both objects and the distance
between them (not size, density, amount of rotation, composition of an object, magnetism, etc.).
A body’s gravitational force decreases rapidly with an increase in distance between two objects,
but never gets to zero.
Gravitational force is “a force of attraction” between two masses and is equal for both objects
based on Newton’s third Law (i.e., if one mass attracts another mass with a gravitational force of
say, 100N, the other will also attract the latter with a gravitational force of 100N).
Note, because a force is exerted by one object on another, we will refrain from the use of the
phrase: “force due to gravity” and instead use gravitational force exerted by a specific object.

Which of the above points sounds new or confusing at this point of the lesson? Which of the
following may be hard for students to grasp?
Concept unit 1: Objectives
By the end of this unit, you should be able to
1.
State how gravitational force varies with distance.
2.
State how the gravitational force depends on the masses of objects.
3.
Explain that gravitational force never gets to zero, although it reduces rapidly with an increase
in distance between two objects.
4.
State the SI units for gravitational force and mass.
5.
Recall that all objects at the earth’s surface fall at the same rate of a g=10m/s/s under the
influence of gravity only.
6.
State that the gravitational force acting on a given object at or near the earth’s surface is the
same.
7.
Calculate gravitational force at the Earth’s surface using F g=mag.
Concept unit 1: assessment
1. Which of the following pictures shows the path an apple would take when dropped at various
locations on the surface of the earth? (Figure on left or right? Explain).

2.

When you experience a force there is always some particular object responsible for it. Which of
the following could be such an object? Explain
A. Chair
B. Friction
C. Gravity.

3.

Suppose you were standing on the moon holding a bowling ball. If you were to let go of the ball,
what direction will it move?
A. upward from the moon’s surface.
B. staying about the same height
C. toward the moon’s surface
D. move away horizontally

157

4.

As you move up and away from the Earth’s surface, what happens to the Earth’s gravitational
force acting on you?
A. The gravitational force on you decreases, but never goes to zero.
B. The gravitational force on you decreases until you leave the Earth’s atmosphere, where it
goes to zero.
C. The gravitational force on you increases.
D. The gravitational force on you stays the same until you leave the Earth’s atmosphere,
where it goes to zero.

5.

Which of the following affects the planet’s gravitational pull on you?
A.
B.
C.
D.
E.
F.

A planet’s atmosphere
A planet’s rotation
A planet’s volume
A planet’s mass
A planet’s magnetism
A planet’s distance from the Sun

6.

Some objects are hard to lift because the Earth’s gravitational force on such objects increases as
you lift such objects
A. True
B. False

7.

Object A has more mass than object B. In the absence of air resistance, when both are let go from
some height, object A will land on the ground before object B because its relatively huge mass
will cause it to fall faster than object B.
C. True
D. False

8.

Why does the Earth exert a gravitational force on objects on its surface?
A.
B.
C.
D.
E.

9.

It has an atmosphere
It has a magnetic ﬁeld
It has mass
It rotates
More than one of these

Which of these objects; Sun, Moon, astraunat in a spaceship, Mars; experience a gravitational
force from Earth?
A.
B.
C.
D.
E.

Astronaut only
Moon and Astronaut.
Moon, Astronaut, and Sun
All of them
All of them except Astronaut
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OBJECTS IN NON-ACCELERATING SITUATIONS
In this section, we discuss the relationship between gravitational and contact forces for situations in which
an object is not accelerating. Such situations are called “non-accelerated frames”. The earth’s surface is
usually considered a non-accelerating frame because its rotation does not make objects sitting on the earth
accelerate that much. Thus, we consider the earth’s surface as a non-accelerating frame in this section.
Situations in which objects experience accelerations will be discussed later. We will also introduce the term
“weight” in this section.
Concept unit 2: Gravitational and contact forces acting on a non-accelerating object
2.1 An object sitting on a hard surface
Place a metal bar (of known mass) on the table. The bar stays still. Draw a force diagram for this metal bar
in the box below. (Remember the length of a “force representation” or an “arrow” indicates the magnitude
(size) of that particular force).
Next, place the object on a bathroom scale. Draw the situation, then forces acting on the metal bar. Does
the scale read anything?
2.2 The scale force
When a crate is sitting on a table, two forces are acting on it. One is the force on the crate from the
table surface (upward) and the other is the gravitational force on the crate due to the earth (downward).
Because the crate is not accelerating, these forces must be balanced; otherwise the box will accelerate
according to Newton’s second law.
So far we have only mentioned forces acting on the crate, not otherwise. Such forces are the ones
that will tell us the motion of our object in question (Recall Newtons second law: F NET = ma). However,
note that the crate is also exerting a force on the table in accordance with Newton’s third law; for every
action there is a reaction. Then we can certainly say that since the table exerts a force on the crate, the crate
exerts an equal and opposite force on the table. When the crate happens to rest on a scale (say a bathroom
scale), the bathroom scale reads the magnitude (size) of either force.
The following figure shows these forces and some important points to keep in mind!

Fs

Fs  Fg

(in magnitude)

Fg

So the bathroom scale reads the magnitude of either force above. Note that out of these two forces, in our
force diagrams, we are interested with the upward force. We shall call this upward force, the scale force, to
make sure that it is in line with how we measure this contact/support force by a scale. This phrase “scale
force” also reminds us that it is the force exerted by the scale on the object. Note that we will be using the
support force or scale force interchangeably since the scale provides support when an object is placed upon
it. The following figure indicates the relationship between the gravitational force and the scale force for an
object sitting on a hard surface, say a bathroom scale surface. Note that in a non-accelerating situation,
knowing the scale force leads to our knowledge of the value of the gravitational force. In this force
diagram, remember that we are concerned with the forces acting on the specified object only not forces that
an object exerts on other objects.
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The force by the scale on the crate (upward)
The force by the crate on the scale (downward)
The two forces have equal magnitudes and are opposite (Newton’s third law)
The bathroom scale reads the magnitude (size) of either force
Remember, the downward force is not included when calculating F NET and therefore not
shown in force diagrams.

2.3 Relationship between mass and scale force reading (for a non-accelerating object)
The first column of the table below indicates different sets of masses (steel balls). Use the scale provided to
measure the scale force reading for each set of steel balls. (Remember to “zero” the scale once you place
an empty container on it and set it to Oz. Note that the force scale reading is in ounces and 1 “once-force”
= 0.278N). Fill in your results in the second column, then plot a graph of “number of steel balls” vs. “scale
force reading”.
Number of steel balls
5
10
15
20
25

Scale force reading (Oz)

From the graph, deduce the relationship between the “number of steel balls” and the “scale force
reading”. (Also roughly present the sketch of the plotted graph below).
Then deduce the relationship between mass and scale force reading.
Calculate the value of ag using data from the first row and then from the second row (approximate your
answers to the nearest whole number)
# of steel balls
5
10

Mass (kg)
0.0103
0.0205

Scale force (N)
0.1006
0.2010

ag

Show your calculation:
2.4 Weight vs mass

You might have heard about the terms weight and mass. We have actually talked about mass for a
while starting from our discussions of dynamics. But what is mass anyway? And what is meant by
“weight”? Do the two terms “weight” and “mass” refer to the same concept? In case they are related, how?
This section answers all these questions.
The term “weight” is ambiguous. There are at least two contending definitions to it. Some
educators define it as the gravitational force and others as the scale force. In non-accelerating situations
(approximately!), like in our everyday use of a bathroom scale, the two forces give the same value
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(magnitude). Thus there are no major problems. However, as we shall see later, in accelerated frames (like
in an orbiting spaceship), the gravitational and scale forces give different values of weight.
From our discussion of the nature of gravitational force, we noted that gravitational force at the
earth’s surface is given by Fg = mag. We also learned that on the earth’s surface, the magnitude of
gravitational force (neglecting the earth’s rotation, Remember we can neglect it anyway!) is equal to that of
the scale force, so Fs=mag. Therefore, there is less or no contention regarding what is weight in nonaccelerated frames.
Weight is often confused with mass. Weight and mass are related concepts but not the same.
Weight is related to mass because at the earth’s surface (or in general, in non-accelerated frames of
reference), weight is directly proportional to mass. Mass itself can be defined as the measure of the amount
of matter in an object or the measure of the inertia of an object. Because weight is a force, it is measured in
Newtons (N) and mass is measured in kilograms (kg). These are SI units!
Remember weight could be the gravitational or scale force depending on preference. We have
already seen the changes in the gravitational force with increase in distance from the earth. We shall also
see scale force changes in various accelerated situations. Because of these, generally, weight (either the
gravitational or scale force), is said to be an “extrinsic feature” of an object while mass as an “intrinsic’
feature of an object. This is why the mass of an astronaut on the moon remains the same as that on earth but
the “weight” of an astronaut on the moon goes to about one sixth that of the earth. For example if a mass
experience a weight of 12N on the earth’s surface, it will experience gravitational force due to the moon of
about 2N, when placed at the moon’s surface.
Why mass is usually confused with weight?
Refer back to section 2.3 and deduce the relationship between weight and mass in non-accelerated
situation.

2.5 What does it mean to “weigh” an object?
In science laboratories, we measure quite often either the mass or the weight of objects (see section 2.3).
Oftentimes we use the term “weighing”. But what does it mean to weigh something? Is it to measure its
mass or its weight? Before you answer this question, you will notice that the term “weigh” obviously has
close association with the term “weight”. So should we say, when we weigh something we find its weight
and not its mass?

1

We can approach the above question in the following manner. Let’s think about the process of
balancing masses using a beam balance: Assume we know the mass of an object as 1kg (in some other
ways). So we might say that any object that balances a kilogram has a mass of 1kg also.
Remember the balancing happens because of the earth’s gravitational force acting on the masses.
Therefore, knowing mass of the unknown object, we can also get its weight, by multiplying this mass with
the free fall acceleration due to earth’s gravity at that particular location. So the process of balancing has
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led us to finding both the mass and “weight” of an object. So we can say that “weighing” means finding
either the weight or mass of an object. In scientific communication, it is important to ask, “what do you
mean by that”? Or if you are communicating through writing, provide examples to clarify the use of your
terms. Indeed, ideas exist outside the terms we use!
2.6 The gravitational and scale forces (on earth vs. on the moon)
In the table below, illustrate the gravitational and scale forces acting on an object in two situations
(Remember the length of a force indicate its magnitude):
(1) On the earth’s surface and
(2) On the moon’s surface

Accompany your diagrams with explanations.
Diagram 1

Diagram 2

Justify, why you have drawn the diagrams that way
[Hint: think about (1) the universal law of gravitation and (2) non-accelerated situation]
2.7 Any issues with the term “weight” on the moon?: In section 2.4, we saw that weight could either be
the gravitational force or scale force depending on preference. Do you think there might be problems
regarding “the weight of an object” on the moon? Explain.
Walking on Earth vs. walking on the Moon
From your previous discussions, how would you feel if you step on the moon compared to sitting on
earth?

2.8 Comparing the gravitational and scale forces for an object sitting on different places
We would like to investigate gravitational and scale forces acting on an object at various locations of an
object. We will assume the case of an astronaut of mass 90 kg who wants to figure out gravitational and
scale forces acting on her on three different locations as shown in the table below. Calculate the
gravitational and scale forces acting on the astronaut and complete the table below. Values of acceleration
due to gravitation force are given.

Location

ag (m/s2)

On Earth

9.8

On Moon

1.6

On Mars

3.7

Jupiter

24.5

Venus

9.5

Gravitational force
(N)
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Scale Force (N)

Show your calculations below
What important assumption have you made in completing the table above?
Arrange the Earth, Moon, Mars, Jupiter, and Venus in order of their masses from the smallest to the
largest. Explain the criteria of your ordering.

2.9 An object submerged in a liquid
Now, assume a case in which, when you drop an object in water, it sinks to the bottom of a container. Now
to keep it still in the water, you decide to hook it to a string that is attached to a force measuring scale as
shown below:

Set up this experiment (or observe a demonstration) and answer the following questions in the box below:
1.
2.
3.
4.
5.
6.

What is the reading on the dial when an object is hanging in air?
Draw a force diagram when an object is hanging in air.
What is the reading on the dial when an object is submerged in water (as shown above)?
Explain the result in Q3:
Draw a submerged object and all forces acting on it. Calculate the buoyant force and show all
your work (Note: buoyant force is the one provided by the fluid, in this case, water)
What is the relationship among the gravitational, buoyant, and the scale forces?

Assume this time, you drop an object in water and instead of sinking to the bottom, it floats. Draw a
submerged object and indicate all the forces acting on it in the box below:
2.10 An object submerged in a liquid: terminological issues
In section 2.9, you learned about the forces acting on a submerged object. In section 2.4, you learned that
weight can be the gravitational force or scale force depending on preference. Let’s talk about weight now in
relation to a submerged object. Refer to the submerged object in section 2.9. What would you say is the
“weight” of this submerged object compared to when the object was hanging in air?
Concept unit 2: Objectives
By the end of this unit, you should be able to
1.
Explain why the earth’s surface is assumed a non-accelerating frame.
2.
Recognize a scale force as a contact force.
3.
Illustrate the gravitational and scale forces for an object sitting on a scale in a non-accelerated
situation.
4.
Explain the relationship between mass and its scale force reading in a non-accelerating frame.
5.
Confirm the value of g, as, 10m/s/s, given mass and scale reading for a given object.
6.
Define buoyant force as the support force provided by the liquid on an immersed object.
7.
Illustrate gravitational, buoyant, and scale forces for submerged objects
8.
Demonstrate that the term “weight” is ambiguous, with reference to a submerged object that is
hanging by a spring balance.
9.
Distinguish weight from mass
10.
State the units of measuring weight and mass
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Describe the terminological difficulties associated with the term “weighing”
Describe the effect of buoyant force on the scale force reading.
Compare gravitational and scale forces acting on an object at different planets/places.

11.
12.
13.

Concept unit 2 assessment
1. A crate is placed on the Earth’s ground. Is the earth exerting any force or forces on the crate? If so,
why does it remain at rest? Is the crate exerting any force on the Earth’s surface?
2. A book is sitting on the table. The gravitational force acting on the table is determined to be 20N.
What is the magnitude of the scale force? What important assumption have you made for your
answer?

3.

Will the magnitude of the scale force be any different from the one you gave in Q2 above
a. If the table above is placed in a train that travels at constant velocity in a horizontal and
straight railroad track.
b.

4.

5.

If the table above is placed in an elevator that moves steadily (at constant velocity) upward or
downward.
An object is placed on a scale, which gives a certain reading. Explain fully whether the scale
would give the same or a different reading if the same thing were done on the surface of the moon
instead. Refer to relevant physics concepts and laws in your discussion.
Venus and the Earth are almost considered twin planets in that they share several similar features.
The two planets have nearly the same size and mass, but Venus rotates once on its axis every 243
days, and has an atmospheric pressure 90 times that of the Earth.
a.
A.
B.
C.
D.

Your mass on Venus would be
More than that on earth.
A little less than on earth.
Exactly the same.
About the same.

b.

How about your weight on Venus? [For simplicity, disregard any effects of atmospheric
pressure].

6.

Which of the following is true about the buoyant and gravitational force acting on the object that is
floating in water?
A. The two forces are equal and act downward
B. The two forces are equal and they both act upward
C. The two forces are equal and act opposite to each other
D. The gravitational force is greater than the buoyant force.

7.

Can we say an object floating in water has no “weight”? Explain

8.

Complete the following table for the case of an object having a mass of 50kg.
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Location
On Earth
On Jupiter
On Mars
9.

ag (m/s2)
10
24.5
3.7

Mass
50kg

Gravitational force
500N

Scale force

Weight

An object is suspended from a scale, which gives a certain reading. The object is now immersed in
water, still suspended from the scale, which now gives a different reading.
a) Explain the physics of what is going on in these situations. Illustrate them with force
diagram(s).
b) Discuss terminological issues that might arise in trying to report the “weight” of the
submerged object above. And how can you resolve the issues?

OBJECTS IN ACCELERATING SITUATIONS
From dynamics we saw that accelerations may be realized for an object moving in a straight or a curved
path. Note that situations in which objects experience accelerations are called “accelerated frames”. In this
section, we discuss the gravitational and scale forces acting on an object undergoing accelerations (with
respect to static frames) or objects in “accelerated frames”. We shall also discuss various terminological
issues. We start with objects accelerated vertically (upward or downward) and then objects accelerating in a
curved path.
Concept unit 3: Vertical (linear) motion
In this unit, we will discuss the relationship between gravitational and scale forces with reference to an
elevator in various situations. First of all, we first describe the motion (kinematics) and then discuss why
the motion behaves that way (dynamics).
3.1 Activity: Elevator ride (or thought experiment):
Go for an elevator ride (say, from first to third floor, and from third to first floor) and take note of your
motion (kinematics) in an elevator as well as scale reading changes on the bathroom scale. The result of
scale force readings will later on be connected to the “dynamics” of your body in an elevator, meaning that
we will ask about the forces involved in various situations of an elevator. Make sure you take precautionary
measures of an elevator (e.g., observe the maximum number of people the elevator can take). You may take
a video of your observations. After you return to your class, observe a video showing scale reading changes
for a person riding an elevator. The instructor will provide this video. Also you may watch your own video
that you have taken. Record your observations below.
Describe the motion of an elevator and scale reading changes (from first to third floor)



Before the elevator closes:
Immediately after elevator closes and throughout the entire trip until the elevator opens:

165

Now we would like to know what forces might be responsible for this motion pattern (dynamics).
3.2 Forces on an object in an elevator
We split the motions discussed in three sections: (1) speeding up; (2) moving at constant velocity; (3)
slowing down and describe the forces in each case. In the box below, draw force diagrams, to show the
forces acting on you as you travel from the first to the third floor uninterrupted (no stopping at the second
floor!).




Speeding up
Moving at constant velocity
Slowing down




The net force acting on you in each case is:
Since you are accelerating at an acceleration, a, and your mass, is m, then net force on you
can also be written as:…………………..
Therefore the relationship between the gravitational force (Fg), scale force (Fs), your
acceleration, a, and your mass, m, is:………………………..in accordance
with……………………………..law.



Remember Newton’s law is summarized by F=ma, where F is the net force acting on an object and, m is the
mass of an object and a is the acceleration of an object. Thus, the relationship between the gravitational and
scale forces is Fs-Fg = ma. Use this equation to work on the following problem:
3.3 What can you say about your “weight” in an elevator?
While in an elevator that is accelerating downward, you notice that the scale reading is less than what it is
when standing still. However, the gravitational force is still the same (Remember at the earth’s surface
Fg=mag regardless of whether or not you are accelerating downward, upward, or moving at a constant
velocity, or standing still). So what would you say about your “weight” while accelerating downward?
3.3.1 The case of a broken elevator cable: Physics and terminology
Imagine you are in an elevator in the third floor. For some reasons the elevator cable breaks, setting you
and the elevator falling to the ground. Let’s assume that you have a mass of 80kg and you are standing on a
bathroom scale. Then before the elevator cable breaks, the scale force reading is 800N and the gravitational
force is 800N as well. What might be the scale reading during the fall? And what might be the gravitational
force? How about your mass and weight during the fall? Are you weightless during your fall?

Situation
Third floor (elevator at rest)
Elevator dropping from rest

mass

Gravitational force

Scale force reading

Weight

Explain your responses clearly with reference to the physics principles and terminological issues:
Practice problems:
1. A 6kg object sits on the bathroom scale which rests on the floor of an elevator. What is the scale force
acting on the object?
a) if the elevator is not moving (at rest)?
b) if the elevator is moving at constant speed?
c) if the elevator accelerates upward or downward at 3m/s/s?
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Upward at 3m/s/s

2.

Downward at 3m/s/s

For each case in question 1 above, what is the “weight” of the 6kg object?

Concept unit 3: Objectives
By the end of this unit, you should be able to
1.
Describe the various types of motions an elevator can take
2.
Draw force diagrams for an object in a given motion of an elevator
3.
Explain scale force changes on an object in an elevator (for various motions)
4.
Write down the relationship between gravitational and scale forces for an object in an
elevator as Fs-Fg= ma
5.
Calculate the scale force for an object in a given motion of an elevator when you know the
mass of an object and the acceleration of an elevator
6.
Describe an activity to distinguish gravitational and scale force
7.
Describe the language issues associated with the term “weight” in relation to an accelerating
elevator
8.
State that a person in an elevator whose cable has broken is not acted upon by a scale force
because both the person and the measuring scale accelerate at the same rate, and hence no
contact forces are present, only “action-at-a-distance” force: the gravitational force.

Concept unit 3 assessment
1. An elevator moves at constant velocity upwards, and then it moves at constant velocity downwards.
Draw force diagrams to depict these two situations.
2. A 6kg object sits on the bathroom scale that is lying on the floor of an elevator. What is the scale force
on the object if
a)

3.

4.

the elevator accelerates downward at 4 m/s/s? (Show your work)
A 0N
B) 60N
C) 78N
D) 36N
b) if the elevator is accelerating downward at an acceleration due to earth’s gravitational force (Show
your work)
A) 36N
B) 60N
C) 0N
D) 78N
A person is inside an elevator and the elevator cable happens to break as shown below. Identify all the
forces acting on the person as the elevator drops to the ground

A person stands on a scale, in a stationary elevator, and the scale gives a certain reading. Explain why
it is that the scale gives a different reading when the elevator is accelerating upwards. What's going on?
Explain the physics of the situation, referring (where necessary) to forces, laws of motion,
acceleration, net force, force diagrams etc.
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Concept Unit 4: Curved Motion: The case of the coasting spaceship
Newton wondered whether the force that made the apple fall was the same as the one that made the moon
circle the earth rather than flying off straight. After a thorough thought, he came to an important conclusion
that gravitational force is not only responsible for the falling objects (like a falling apple) but also orbiting
satellites and planets. This helped in explaining the architecture of the universe. The following objects (the
apple or the planets) are all accelerating. Remember, such objects are said to be in accelerated frames. In
this section, we will discuss whether or not such accelerating objects experience gravitational or scale
forces. We shall also further investigate terminological issues; this time around we will not only talk about
weight, but also “weightlessness” and “free fall”.

Earth

4.1 What keeps the spaceship in orbit?
In this unit, we discuss the kinematics and dynamics of a spaceship. As with the elevator discussion, we
start with the kinematics, i.e., we describe the motion of a spaceship without being concerned with the force
acting on it. Of course, the kinematics is straight forward; A spaceship orbits the earth at a particular speed.
Since it is following a curved path, its velocity keeps changing and so we can safely say a spaceship does
accelerate while orbiting. The motion of a spaceship is an example of a curved motion discussed earlier on
in the dynamics section. But what keeps a spaceship in orbit? In other words what keeps a spaceship
accelerating around the earth? Write down your ideas in the box below recalling what you learned from
dynamics and any other everyday experiences of curved motion.
Below is a figure of a cannon machine. Illustrate all these possible paths that the ball can follow.

Earth

Let us investigate this by briefly discussing Newton’s Cannonball Experiment. Imagine you go on the top
of a high mountain with a strong cannon. First you release the cannon ball without firing it. How will it
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move? It will just drop down. Now with a series of firing the ball at different velocities, you realize that the
more you fire the ball, the longer the distance it lands on the earth’s surface. As you might guess, there is a
particular velocity at which this ball will make a complete path around the earth. Also note that there is a
speed (beyond which) the ball from the cannon will not return to the earth, but escape from the earth’s
gravitational force.
After reading this thought experiment, what do you think keeps a spaceship in orbit?
…………………………………………………………………………………………………………….
Question
Consider a spaceship in orbit. If its speed reduces below the required value, what will happen to the
spaceship? What will happen to the spaceship’s orbit if it was not acted upon by earth’s gravitational force?
4.2 Any scale forces exerted on astronauts in a spaceship?
The following diagram shows astronauts in a coasting spaceship. How do you describe them?
_____________________________________________________They are floating right?
Now watch a video provided by the instructor.

Fg
Earth

If one of these astronauts happens to step on a bathroom scale (if possible!), would the scale read anything?
If so, what will it read? The gravitational or scale force or anything else? Explain
Summary:
We have seen that a spaceship is kept in orbit because of the gravitational force acting on it as well as its
huge and “right” amount speed around the earth. You will notice in your discussions that everything in the
spaceship accelerates at the same rate as the spaceship. Thus, the scale reads zero because there is no any
contact force between it and the astronaut. The scale, the astronaut (as well as the spaceship) are all acted
upon only by a single action at a distance force, or a non-contact force: the gravitational force. This is a
similar case to a body in an accelerating elevator (whose cable has broken). Tie this discussion to what you
observed earlier on in the video regarding motion under the influence of gravity only!!!!
4.3 The range of the gravitational force
Spaceships orbit the earth at various altitudes (heights). From our previous discussions, we know that these
spaceships are kept in orbit because of the gravitational force as well as their huge speed around the earth.
Think of an astronaut in an orbiting spaceship at 100km above the earth. Do you think the gravitational
force acting on the astronaut is the same as that experienced on the earth’s surface? Or it reduces
substantially compared to that on the earth?
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Once you have finished the discussions, the following example problem may help check your responses.
Example Problem:
1. For an astronaut of mass 90kg, gravitational force acting on her on the surface of the earth
is___________
2. For the same astronaut (now in a spaceship), the following table shows the gravitational force
acting on her at various heights.

E

Spaceship Altitude (Height)

Gravitational Force (N)

100km

855

200km

829

300km

804

400km

781

Let us go back to our set of questions again: Think of an astronaut in an orbiting spaceship at 100km above
the earth, do you think gravitational force acts on the astronaut? If so, is it the same as that experienced on
the earth’s surface? Or it reduces substantially compared to that on the earth?
***Some people mistakenly think that there is no or very little gravity in the spaceship orbiting the earth.
Do you have an idea of what goes in their mind? Explain***.
4.4 Using the term “weight”: The case of astronauts in a spaceship
We’ve seen that the term “weight” is ambiguous. It can be the gravitational force or the scale force. Do you
have a preference? If so, what is your preference, and why?
According to your definition above, what is the weight of an astronaut (of mass 80kg)
(1) on the earth’s surface?
(2) in an orbiting spaceship?
Now, in the box below, explain or define the term “weightlessness”. Elaborate your definition with an
illustration.
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4.5 Using the term “weightlessness”: The case of astronauts in a spaceship
Ambiguities with the term “weight” brings in ambiguities surrounding weightlessness. What do you
understand when you hear that astronauts in an orbiting spaceship are weightless? You will realize that
“weightlessness” means different issues to different people:
1. Those who say weight is the scale force, notice that astronauts in spaceship have no weight, and
hence describe them as being weightless. That’s weightlessness is a reality to such people.
Interesting! Note that this view of weight resembles the use weight as how heavy or light an object
is. You are lighter in an elevator that accelerates downward and heavier in an elevator that
accelerates upward. When you are lighter the scale reading shows a lesser reading than normal and
when you are heavier the scale reading shows a reading more than the normal reading.
2.

Those who say weight is the gravitational force, say that astronauts in spaceship have weight,
and that weightlessness is a wrong word to describe astronauts in an orbiting spaceship. But they
still use the term “weightlessness” but with caution. They say weightlessness is not a reality but a
feeling. For this reason and to be more careful, or precise, some completely avoid the term
“weightlessness” and adopt the term “apparent weightlessness”. Interesting!

3.

There are some ideal physical situations in which the gravitational and hence the scale forces are
approximated to zero, i.e., far from any other masses (idealized places!). An object in that physical
situation is also said to be “weightless”.

You will realize that although the above contending descriptions of astronauts exist among educators and
students, the physics is clear! Scientists may differ in the way they communicate same ideas. For cases 1
and 2 above, keeping the descriptions aside, you will notice that in each case, the astronaut is experience
only one force due to earth’s gravitational force, and not any contact forces. The physics prevails regardless
of the terminology! The message to take home is: terms should be interpreted in context. Make sense of the
sentence and figure out the physical situation. For example, if someone asks: “What weight does the scale
read if the elevator accelerates upward at 4.00m/s/s?”. You can tell that “weight” is being used as a scale
force because gravitational force is not affected by accelerations.
4.6 Every day vs. scientific language: the case of the term “free fall”
Regarding “weightless” astronauts, should we say that all objects experiencing gravitational force
only can be said to be “weightless”? See the following situations. They are all important special cases in
which objects are accelerating under the influence of gravity only. In physics, all the above objects or
bodies are said to be in “free fall”. Should we say that all objects or bodies in free fall are weightless?
__________________. Now, regarding free fall, think back in terms of the daily language of “free” and
“fall”. What do you understand by the term “free” and “fall”. In what way, the scientific term “free fall”
may pose difficulties in understanding the idea behind this term? You will notice that everyday language is
somehow antagonistic with scientific language. Take an example of a “rising” moon or the bowling ball
going up as shown above. Already you notice we are using appropriate everyday language or phrases;
“rising” or “going up”. However, a physicist will tell you that they are all in “free fall”. A similar confusion
arises when discussing astronauts in a spaceship orbiting the earth. Physicists describe such astronauts as to
be in “free fall”. Astronauts are said to “fall around” the earth and that they keep missing the earth! If you
drop a stone to the ground you can as well say it is in “free fall” on its way down. Do you see any other
possible confusion that the term “free fall” might cause in understanding the physics? There might be other
issues with the term “free”, please discuss!
Please go back to the summary of section 4.2 and check how we explained the physics of orbiting
spaceship without the use of the terms “free fall” and “weightlessness”. You will notice that there we chose
a different technical term, i.e., we described astronauts and the spaceship as “accelerating”. Indeed,
concepts exist outside the words we use!
Physics terms sometimes are chosen to briefly describe a phenomenon or concept. This helps
oftentimes; however, such confusing terms should be interpreted with care, because they might not be
interpreted as intended. Think and discuss what might be other possible confusion of everyday meaning
and scientific meaning of the term “free fall” or any other terms you know.
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E

Summary on conceptual and terminological issues
1) Ideas or concepts exist outside the terms associated with them
2) Terms should be used with care to avoid getting the wrong scientific ideas [e.g., weightlessness
SHOULD NOT be confused with absence of gravity or little gravity in an orbiting spaceship]
3) Everyday language and scientific language may not necessarily mean the same idea
4) Ambiguous terms should be interpreted in context where necessary.
5) When communicating, think about the reader or listener, use direct phrases or diagrams [concept
representations] where necessary.
6) It is common for educators or scientists to differ in communicating the same scientific idea.
Concept unit 4 Objectives
By the end of this unit, you should be able to
1. Describe how the huge velocity of the spaceship and the gravitational force acting on it together
help keep the spaceship orbiting the earth.
2. State that an astronaut is an orbiting spaceship is not acted upon by a scale force because both the
astronaut and the measuring scale accelerate at the same rate, and hence no contact forces are
present, only action-at-a-distance force: the gravitational force.
3. Relate the situation in an orbiting spaceship to that of a falling elevator, whose cable has broken;
in other words, describe how in both situations a body will not experience any scale forces, but
only gravitational force.
4. Explain that the gravitational force for an astronaut in a low orbiting spaceship does not decrease
substantially compared to that of the earth.
5. Apply Newton’s second law to explain elevator and spaceship motion
6. Describe the language issues associated with the gravitational and scale force constructs in relation
to astronauts in a spaceship.
7. State that one of the two major definitions of weight, the scale force, is closely associated with our
everyday usage of the term “weight” in explaining heaviness and lightness of objects.
8. Explain how the physics regarding “weight” and “weightlessness’ is clear, while definitional
issues are subject to debate.
9. Associate a scientific term “free fall” to acceleration under the influence of gravity only.
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10. Explain the differences between everyday and scientific language in relation to the term “free
fall”.
Concept Unit 4 assessment
1. When in orbit, the astronauts are in zero gravity
A. True
B. False
2. Explain how spaceships are kept orbiting the earth.
3. Explain whether or not an orbiting astronaut is acted upon by a scale force.
4. Which of the following is true about a spaceship that orbits at 100km above the earth?
A. The gravitational force acting on it is close to that on the earth.
B. There is no gravitational force acting on it.
C. The gravitational force acting on it is very small compared to that on the earth.
D. The gravitational force acting on it is exactly the same as that on the earth.
5.

Here is a figure showing an astronaut inside a cabin of a spaceship orbiting around the earth.

E

a.
b.
c.
d.
e.

Does the gravitational force act on the astronaut?
Is the spaceship accelerating? Explain
Why is it that the spaceship is not crashing into the earth?
If the astronaut steps on a bathroom scale, what will be the scale reading?
What kind of terminological issues might arise among scientists when discussing the status of
astronauts while in a spaceship? [Hint: discuss issues with weight, weightlessness, and free
fall with reference to an astronaut in an orbiting spaceship]

6.

A person is in a spacecraft orbiting the Earth. Explain why it is that the person seems to “float”
around the cabin “freely", in terms of all the physics concepts and laws involved in this situation.

7.

Think about a situation in which an astronaut is making repairs on a spaceship at point A around
the earth. While at point A, the astronaut lets go off the spaceship. Predict and then draw where
the astronaut would be when the spaceship is at point B. Justify your response.
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8.

An astronaut ﬂoating in her Earth-orbiting spacecraft
A. experiences no gravitational force from Earth.
B. still experiences a gravitational force from Earth.
C. experiences a force from the spaceship that counters the gravitational force from
Earth.

On her final exam, Shania tries to explain why astronauts “float” in the spaceship orbiting the
earth as follows: “Astronauts appear to float in the spaceship because there is little gravity in a
spaceship”. Please comment on Shania’s response, making it clear why she is right or
wrong*****
10. The elevator cable breaks, setting the people in it falling to the ground at an acceleration rate due
to gravitational force. Joe asserts that the people in it will still have the same weight as when the
elevator was stationary. Maria on the other hand, says the people in it will be “weightless”.
Explain the apparent contradiction.
11. Two physics 1800 students had a heated debate about weightlessness in a bus. One contended that
weightlessness is a reality while the other asserted that it is a misnomer and just a feeling not a
reality. How may you resolve the argument (if you can!)
12. In what way, the scientific term “free fall” may pose student difficulties in understanding the idea
behind this term?
9.

13. Which of the two major definitions of the term “weight”, is closely associated with our everyday
use of the term “weight”? Explain
14. Explain how the phrase “weighing an object” might be confusing in teaching and learning?
15. Deduce how the term “weight” is being used in the following sentences:
a) “Weight affected by buoyancy of air”
b) What weight does the scale read if the elevator accelerates upward at 2.00m/s/s
c) “the weight of the elevator passenger, Fs, registered on the dial depends on the acceleration of
the elevator.
d) The weight of an object in an elevator that is accelerating, slowing down, or moving at
constant velocity is the same.
16. Imagine you happen to visit the moon’s surface and then come back to the earth. In the next trip
you ride into a spaceship around the earth. Finally, you return to the earth and would like to
communicate your experiences of the two locations to your friends. Write an essay describing
your experiences of the two situations in relation to the earth situation. Are the two situations (on
moon and in spaceship) related? If so how? If not how?
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CONSOLIDATION
In this section, we will discuss and illustrate the gravitational and scale forces in all the physical situations
discussed so far. You will appreciate that what you draw as a representation of a given situation, may be the
same, but labels or names may differ from one person to another (to be clarified with the activities below!).
Thus, you will now thoroughly and further appreciate that ideas exist outside terms associated with them.
6.1 Various ways of naming the two forces under discussion in this module

2

1
Table Y
Force

Direct phrases

Gravitational definition

Scale force
definition

1

Gravitational
force
Scale force

Weight

Gravitational force

Other ways of
differentiating force 1 and
force 2
True weight

Scale force or similar
phrase

Weight

Apparent weight

2

6.2 Force diagrams and the various ways of labeling the two forces (multiple situations)
Complete the following table by drawing necessary force diagrams (showing forces acting on the object)
and labeling the given terminology according to table Y above.
Non-accelerating situation (a crate on the table)
Direct phrases (see
Gravitational force
Scale force definition
Other ways of
Table Y)
definition (see Table Y)
(See Table Y)
differentiating the two
forces (See Table Y)
Non-accelerating situation (an object immersed in water and hanging by a spring balance)
Direct phrases (see
Gravitational force
Scale force definition
Other ways of
Table Y)
definition (see Table Y)
(See Table Y)
differentiating the two
forces (See Table Y)

Accelerating situation (object on the floor of an elevator speeding up)
Direct phrases (see
Table Y)

Gravitational force
definition (see Table Y)

Scale force definition
(See Table Y)

Other ways of
differentiating the two
forces (See Table Y)

Accelerating situation-free fall (orbiting astronaut in a spaceship)
Direct phrases (see
Gravitational force
Scale force definition
Other ways of
Table Y)
definition (see Table Y)
(See Table Y)
differentiating the two
forces (See Table Y)

Usually, the term “weight” is interchangeably used to mean either the gravitational force or the scale force.
Why is this so? Take a look at the various illustrations again; do the two constructs deserve the same name
in all situations? Explain
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6.3“Actual weight” and “Apparent weight”: Contextual Interpretation of meaning
In our consolidation, we have introduced some additional phrases that exist in various textbooks, such as,
“actual weight”, and “apparent weight”. We have seen that actual weight is associated with the
gravitational force and apparent weight is associated with the scale force. Since you have learned
contextual interpretation of meaning, you should be able to interpret these phrases in context. This means,
you should be able to deduce what construct or idea is being referred to just by looking at a sentence and
understand that it is all about a question of opinion and definition. This approach will help you a lot since
we cannot discuss all the various terminologies associated with the gravitational or scale forces.
Example 1: When you happen to be in an elevator that is in free fall, your apparent weight is zero, but
your actual weight remains unchanged.
In this sentence, the phrase “apparent weight” refers to__________________________and the phrase
“actual weight” refers to________________________
Example 2: Elena explains the phrase “apparent weightlessness” as follows:
“Apparent weightlessness is the sensation a body feels, when they have nothing stopping them from
accelerating at the same rate as the acceleration due to gravitational force. Anybody experiencing
gravitational force has weight; you just may not be able to feel it at times. It is a common mistake to think
that your weight is the force the scale pan pushes on you (the scale force). If the scale force beneath your
feet disappears, there is nothing stopping your feet from falling, and you experience “apparent
weightlessness”
Elena does not use the term “weightlessness” to describe the status of free fall, but uses “apparent
weightlessness”. She also says it is a mistake to refer weight to scale force, in other words, it is a
mistake to say that weight is what a bathroom measures.
How would you convince Elena that it is all about preference and definition?

Demonstrate to Elena that you can explain what she said using weight as what a scale measures. In other
words, re-phrase the paragraph above (by Elena) putting yourself in a position that weight is a scale
force.

Homework Assignments (Discussion)

Concept unit 6 objectives
1. Organize the various ways of naming the gravitational and scale forces.
2. Illustrate the various ways of labeling the two forces (in multiple situations) using relevant force
diagrams.
3. Outline conceptual and language problems associated with “weight”, “weightlessness” and “free
fall”.
4. Deduce how a given term (e.g., weight) is used in a given sentence (i.e., practice contextual
interpretation of meaning).
Concept unit 6 assessment
In the space provided below, write an essay explaining to your friend the relationship between the
gravitational and scale forces in non-accelerating as well as accelerating situations. Conclude your essay,
by outlining the language problems associated with naming these two important forces in various
situations!
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Appendix B: Spring 2014 knowledge survey
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Important Information
Please check (No or Yes) whether or not you have learned the following topics, and indicate the level of
education at which you learned that particular topic.

Name:…………………………………………………………
Previous Schooling
Topic
No
Yes At high school
At college
Gravity
Mass
Weight
Weightlessness
Free fall
Force
Motion
Orbiting

Instructions
Please answer the following questions to the best of your ability and knowledge.
Note that each multiple choice question requires an explanation.
Spaces are provided for you to handwrite your responses.
Please read each question carefully and make sure you do not accidentally skip any question.
Your responses will help us in improving our instruction.
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Jill steps on a bathroom scale in an elevator and is interested in knowing the scale readings in various
situations of the moving elevator. When the elevator is stationary the scale reads 600N. State and explain
how the scale reading and the gravitational force on Jill may change in the following cases (Questions 1 to
4):
Question 1
The elevator moves at a constant speed downward.
(Remember to circle your answers in both column 1 and column 3.)
1
Circle one
A
B
C
D

2
Gravitational force
on Jill
zero
< 600N
600N
> 600N

3
Circle one

4
Scale reading

A
B
C
D

zero
< 600N
600N
> 600N

Justification of your choice:
including a force diagram
(draw force(s) acting on Jill)

Justification of your choice:
including a force diagram

Question 2
The elevator is accelerating upward.
(Remember to circle your answers in both column 1 and column 3.
The elevator moves at a constant speed downward.
(Remember to circle your answers in both column 1 and column 3.)
1
Circle one
A
B
C
D

2
Gravitational force
on Jill
zero
< 600N
600N
> 600N

3
Circle one

4
Scale reading

A
B
C
D

zero
< 600N
600N
> 600N

Justification of your choice:
including a force diagram
(draw force(s) acting on Jill)

Justification of your choice:
including a force diagram
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Question 3
The elevator is gently accelerating downward (not falling).
(Remember to circle your answers in both column 1 and column 3.)
1
Circle one
A
B
C
D

2
Gravitational force
on Jill
zero
< 600N
600N
> 600N

3
Circle one

4
Scale reading

A
B
C
D

zero
< 600N
600N
> 600N

Justification of your choice:
including a force diagram
(draw force(s) acting on Jill)

Justification of your choice:
including a force diagram

Question 4
The elevator cable breaks and the elevator falls freely with the acceleration due to gravity. (Remember to
circle your answers in both column 1 and column 3.)
1
Circle one
A
B
C
D

2
Gravitational force
on Jill
zero
< 600N
600N
> 600N

3
Circle one

4
Scale reading

A
B
C
D

zero
< 600N
600N
> 600N

Justification of your choice:
including a force diagram
(draw force(s) acting on Jill)
Justification of your choice:
including a force diagram
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Question 5
Astronauts appear weightless in their space craft because…
a.
b.
c.
d.

There is no contact force acting on them.
There is very little gravity in space/outside earth’s atmosphere.
They are too far away from Earth or any massive body.
There is no gravity inside the spacecraft.

For the response chosen, please clarify further, making it clear what is meant by the term “weightless.”
Question 6
Suppose you are standing on a scale on the Earth.
Your mass is 60 kg. Earth’s gravitational force on you is 600 N. The scale reads 600 N.

Scale

Imagine then that you find yourself in three different situations below.
What will happen to your Mass, the Gravitational force on you, and the Scale reading?
Decide whether each of these will increase- I, decrease- D, remain the same- S, or become zero- 0 (and
write your responses [I, D, S, or 0] in the table below).
Situation

Mass

On Earth
On the Moon
In an elevator accelerating
upward
Orbiting spaceship

60 kg

Gravitational force
on you
600 N

Explain your reasoning for each situation.
(Refer to relevant physics concepts and laws in your explanation.)
Moon:

Elevator:

Spaceship:
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Scale reading
600 N

Question 7
An object is suspended from a spring scale as shown. The same object is then immersed in water as shown,
still suspended from the scale.

There is a gravitational force downward on the object by the Earth and a force by the spring scale upward
on the object, so that the scale indicates a force reading. The mass of the object is 5 kg.
For each of the two situations, draw a force diagram of forces acting on the object, and fill in the table
below.
First situation – object suspended in air force
diagram
(draw force(s) acting on the object)

Second situation – object suspended in water
force diagram

Decide whether these increase- I, decrease- D, remain the same- S, or become zero- 0
(and write your responses [I, D, S, or 0] in the table below).
Situation
In air
In water

Mass

Gravitational force

5 kg

50 N

Explain your thinking for the items you have filled in.
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Scale reading

Buoyancy
force

Question 8
Suppose you put an object on a scale on the ground. The object has a certain mass, there is a certain
gravitational force on it by the Earth, and there is a contact force between object and scale, giving a certain
scale reading.

Scale

For the following four situations, what will happen to mass, gravitational force, scale force reading, and
“weight"? (Decide whether each of these will increase- I, decrease- D, remain the same- S, or become
zero- 0... write your responses [I, D, S, or 0] in the table below).
Explain your responses.
a)

On the moon
mass

gravitational force

scale force reading

weight

b) In an elevator accelerating upwards
mass
gravitational force

scale force reading

weight

scale force reading

weight

d) With object immersed in water and hooked to a spring balance
mass
gravitational force
scale force reading

weight

Explain:

Explain:

c)

In an orbiting spaceship
mass
gravitational force

Explain:

Explain:
Explain how you interpret the term “weight.”
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Question 9

Scale

Suppose you have an object resting on a measuring scale. There is a force on the object due to earth’s
gravity, and a contact force with the scale.

A. Under what conditions would be magnitudes of the gravitational force and the scale contact force be
the same? Explain:
In this case, would either or both of these magnitudes be called the “weight”?

B. And under what kind of conditions would the magnitudes of these two forces be different? Explain:
In this case, would either or both of these magnitudes be called the “weight”?

Now suppose you have an object in “free-fall”... would the magnitudes of the gravitational force and the
scale contact force be the same or different?

In this case, would either or both of these magnitudes be called the “weight”?

How should we resolve any disagreements that might come up about how to use the term “weight”? Do
you have a personal preference, and why?
Question 10
A person is in a spacecraft orbiting the Earth. Explain why it is that the person seems to “float" around the
cabin “freely", in terms of all the physics concepts and laws involved in this situation.
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Question 11
Explain your understanding of the term “free fall”

Circle any of the following bodies or objects that can be described as being in “free fall?”
Tick (√) any of the bodies or objects that can be said to be “weightless”

an apple
dropping

a girl on
her way up

some astronauts
“floating”

the moon in
orbit

E

Question 12
How can spaceships and satellites (and the moon!) remain in orbit around the Earth without burning any
fuel?
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Appendix C: Fall 2014 knowledge survey
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Knowledge Survey of Gravitational and Contact Forces
Important Information
Please check (No or Yes) whether or not you have learned the following topics, and indicate the level of
education at which you learned that particular topic.

Name:…………………………………………………………
Previous Schooling
Topic
No
Yes At high school
At college
Gravity
Mass
Weight
Weightlessness
Free fall
Force
Motion
Orbiting

Instructions
Please answer the following questions to the best of your ability and knowledge.
Note that each multiple choice question requires an explanation.
Spaces are provided for you to handwrite your responses.
Please read each question carefully and make sure you do not accidentally skip any question.
Your responses will help us in improving our instruction.
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Questions 1 – 4:
You have a mass of 60 kilograms, and when you step on a bathroom scale in a stationary elevator it reads a
scale contact force of 600N. Answer the following questions about how your mass, your weight, the scale
contact force, and the gravitational force may change in each new situation:
Question 1 (6 pts.)
your mass
your weight
scale contact force
Please circle one response in each
gravitational force
row of the table to the right. (4 pts.)
The elevator accelerates upward.

zero
zero
zero
zero

< 60 kg
< 600 N
< 600 N
< 600 N

60 kg
600 N
600 N
600 N

> 60 kg
> 600 N
> 600 N
> 600 N

Draw a force diagram (of force(s) acting on you), and then explain your responses for
scale contact force and gravitational force (in terms of physics concepts and principles).

Question 2 (8 pts.)

The elevator is moving at a
constant speed.

your mass
your weight
Please circle one response in each scale contact force
row of the table to the right. (4 pts.) gravitational force

zero
zero
zero
zero

< 60 kg
< 600 N
< 600 N
< 600 N

60 kg
600 N
600 N
600 N

A) Draw a force diagram (of force(s) acting on you), and then explain your responses for
scale contact force and gravitational force (in terms of physics concepts and principles).
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> 60 kg
> 600 N
> 600 N
> 600 N

Question 3 (6 pts.)

The elevator accelerates gently
downward (not falling).

your mass
your weight
Please circle one response in each scale contact force
row of the table to the right.
gravitational force

zero
zero
zero
zero

< 60 kg
< 600 N
< 600 N
< 600 N

60 kg
600 N
600 N
600 N

> 60 kg
> 600 N
> 600 N
> 600 N

Draw a force diagram (of force(s) acting on you), and then explain your responses for
scale contact force and gravitational force (in terms of physics concepts and principles).

Question 4 (6 pts.)

The elevator cable suddenly
breaks, and it falls freely.

your mass
your weight
Please circle one response in each scale contact force
row of the table to the right.
gravitational force

zero
zero
zero
zero

< 60 kg
< 600 N
< 600 N
< 600 N

60 kg
600 N
600 N
600 N

Draw a force diagram (of force(s) acting on you), and then explain your responses for
scale contact force and gravitational force (in terms of physics concepts and principles).
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> 60 kg
> 600 N
> 600 N
> 600 N

Question 5 (11 pts.)
An object is suspended from a spring scale as shown on the left (its mass is 5 kg.).
That object is then immersed in water as shown on the right, still suspended from the scale.
i)

ii)

There is a gravitational force downward on the object by the Earth and a force by the spring scale upward
on the object, so that the scale indicates a force reading.
For each of the two situations, draw a force diagram:
A) First situation:
object suspended – force diagram

B) Second situation:
object suspended in water – force diagram

5 kg

mass of object

A) In the first case, what will be the value of
weight, scale contact force, and gravitational
force?
(Assume ag = 10m/s/s)
(complete the table to the right...)

weight of object
scale contact force
gravitational force

B) In the second case (object is suspended in water), will the mass, weight, scale contact force,
gravitational force, and buoyancy force become zero, decrease, remain the same, or increase ?
(Please circle one response in each section of the table below.)
mass of object

zero

decrease

same

increase

weight of object

zero

decrease

same

increase

scale contact force

zero

decrease

same

increase

gravitational force

zero

decrease

same

increase

buoyancy force

zero

decrease

same

increase

C) Explain your interpretation of “weight” for your answer in the table above:
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Question 6 (6 pts.)
Suppose you put an object on a scale on the ground. The object has a certain mass, and there is a certain
gravitational force on it from the Earth. There is a contact force between the object and the scale, and you
read a certain scale force.
SCALE

OBJECT

If you take this scale and this object and set them on the surface of the moon (you’re an astronaut!), will the
mass, weight, scale contact force, and gravitational force
become zero, decrease, remain the same, or increase ?
(Please circle one response in each row of the table below.)
mass of object

zero

decrease

same

increase

weight of object

zero

decrease

same

increase

scale contact force

zero

decrease

same

increase

gravitational force

zero

decrease

same

increase

Draw a force diagram (of force(s) acting on the object), and then explain your responses for
scale contact force and gravitational force (in terms of physics concepts and principles).
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Question 7 (18 pts.)
You are now “floating” around in the cabin of a spacecraft that is orbiting the Earth.
A) Circle either NO or YES to answer each question (2 pts.):
Is there gravity beyond earth’s atmosphere?

NO

YES

Is there gravity inside the spacecraft?

NO

YES

B) If there are any forces acting, circle each one in the right column below (6 pts.):
 contact force
Forces acting upon the spacecraft

 gravity
 force in the direction of the spacecraft’s
motion (orbit)
 contact force

Forces acting upon you

 gravity
 force in the direction of your motion (orbit)

C) Explain how you and your spacecraft can remain in orbit around the Earth without burning any fuel (4
pts.):

D) Prior to the flight, you stood on a "bathroom scale" attached to the cabin floor and observed its reading.
Now, with the spacecraft in orbit, you try to position your feet on the scale.
Circle the correct answer (2 pts):
 zero
What scale contact force (if any)
will you observe?

 smaller than on earth but not zero
 same as the reading on earth before the flight

E) In this orbiting situation, are you and/or the spacecraft accelerating toward the Earth? Please explain (4
pts.):
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Question 8 (10 pts.)
People and books sometimes use the terms “free fall” and “weightless” to describe various situations.
Please explain if (and how) these terms may or may not apply in the situations below.
A) an apple dropping...
“free fall”?

“weightless”?

B) a ball moving toward a basket...
“free fall”?

“weightless”?
C) a girl on her way up...
“free fall”?

weightless?
D) the moon in orbit...
“free fall”?

E
weightless?

E) some astronauts “floating”...

“weightless”?
“free fall”?

“weightless”?
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Question 9 (8 pts.)
Please say what you understand by the following terms:
A) mass

B) weight

C) free fall

D) weightless (and/or weightlessness)
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Appendix D: Student interview guide
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Welcome, thank you very much for allowing me to talk with you about the last module of PHYS 1800
course. Please note that I am only interested with your current ideas and not whether you are right or
wrong. So feel free to share with me your understanding of the concepts, terminological issues, and views
regarding the module.
CONCEPTS
A crate is placed on a bathroom scale sitting on the earth’s surface
1.
2.

3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

1.

2.

3.
4.

Two forces are acting on it. Explain whether or not the magnitudes of the two forces are equal.
A crate that was initially sitting on the earth’s surface is now placed on a scale on the moon’s surface.
Will the gravitational force be greater than, smaller than, remain the same, or become zero compared to
the previous situation? Explain
How about the scale contact force reading? How about mass? How about weight?
A metal bar is suspended from a spring scale as shown. The same object is then submerged in water as
shown, still suspended from the scale.

Explain whether or not the magnitudes of the gravitational force and scale forces will still be equal as
in the previous case.
Will the gravitational force be greater than, smaller than, remain the same, or become zero compared to
the previous situation? Explain
How about the scale contact force reading? How about mass? How about weight?
A crate that was initially sitting on the earth’s surface is now placed on a scale resting on the floor of
an elevator. If the elevator accelerates upwards,
Will the gravitational force be greater than, smaller than, remain the same, or become zero compared to
the initial situation? Explain
How about the scale contact force reading? How about mass? How about weight?
A person in a freely falling elevator
Mention the force (s) acting on such a person if any?
Can the person be said to be “weightless”?
A person is in a spacecraft orbiting the Earth. Explain why is it that the person seems to “float" around
in the cabin “freely”
Compared to the situation on earth, will the gravitational force be greater than, smaller than, remain the
same, or become zero. Explain
How about the scale force reading? How about mass? How about weight?
Is the spaceship in free fall? Explain
A little girl jumps upward. On her way upward, can we say she is in “free fall”? Can we say she is
“weightless”?
TERMINOLOGY: WEIGHT, WEIGHTLESSNESS, AND FREE FALL
Some people define “weight” as the gravitational force on the object and others define it as the scale
contact force (i.e. the scale reading). Under what situation would the two agree or disagree about the
weight of the object?
Two astronauts, Hart and Phillip, in an Apollo spaceship had a heated debate about weightlessness.
Hart contended that weightlessness is a reality while Phillip asserted that it is a misnomer and just a
feeling not a reality. What might be the possible source (s) of their conflict?
In the light of such disagreements, what might be done about the ambiguous terms?
In what way, the scientific term “free fall” may pose difficulties in understanding the idea behind this
term? And what might be done to avoid such difficulties?
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1.

2.
3.
4.
5.
6.

INSTRUCTION
We discussed gravitational and scale forces in multiple situations. We also avoided terms “weight”,
“weightlessness”, and “free fall” at the beginning of our learning. However, these terms were
discussed later in our module and learning.
Explain whether and how the use of multiple situations (on moon, elevators, spaceships, etc.) helped
you in understanding the physics behind weight, weightlessness, and free fall
Explain whether and how this approach helped you in understanding the terminological issues
surrounding these terms.
In what way(s) has the learning of the terminology difficulties associated with the terms “weight”,
“weightlessness” and “free fall” been a good or worse experience to you.
What is your position regarding revealing language problems to your students? Would you do the same
to your students? Explain.
What aspects of the module did you like best and what aspects didn’t you like?
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Appendix E: Student written survey of instruction
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Survey of the Instructional Approach (Spring 2014)
We would like to learn from you, regarding your views of the instruction. This section will not be graded
but your responses will help us in improving the module and hence PHYS 1800 course.
We discussed gravitational and scale forces in multiple situations. We also avoided terms “weight”,
“weightlessness”, and “free fall” at the beginning of our learning. However, these terms were discussed
later in our module and learning.
1. Explain whether and how the use of multiple situations (on moon, elevators, spaceships, etc.) helped
you in understanding the physics behind weight, weightlessness, and free fall
2. Explain whether and how this approach helped you in understanding the terminological issues
surrounding these terms.
3. In what way(s) has the learning of the terminology difficulties associated with the terms “weight”,
“weightlessness” and “free fall” been a good or worse experience to you.
4. What is your position regarding revealing language problems to your students? Would you do the same
to your students? Explain.
5. What aspects of the module did you like best and what aspects didn’t you like?
Survey of the Instructional Approach (Fall 2014)
We would like to learn from you, regarding your views of the instruction. This section will not be graded
but your responses will help us in improving the module and hence PHYS 1800 course.
1.

2.

3.
4.
5.

6.

Explain whether and how introducing concepts using descriptive phrases gravitational and scale forces
helped you understand the physics. How about intruding these forces before discussing the terms such
as weight and apparent weight?
Share your thoughts regarding our discussions of the forces in multiple situations (liquid, moon,
elevator, and spaceship). Did that help or not help in understanding the physics? How about
terminology?
Was it a good or bad idea for you to learn that “weight” is ambiguous even among experts? Explain.
Will you reveal language issues to your students?
After going through the packet, what are your ideas regarding the teaching of everyday and scientific
language? Should teachers relate scientific language to everyday language in their teaching? Explain.
Share your views regarding contextual interpretation of terms. Under what circumstance is contextual
interpretation of terms useful? Do you agree or disagree that terms both in everyday and scientific
language, generally, have multiple meanings? Explain with reference to any other terms you know.
What aspects of the module did you like best and what aspects didn’t you like?
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Our instruction employed multiple physical contexts to show to the students the differences or similarities
between the gravitational and scale forces. We avoided the terms “weight”, “weightlessness”, and “free
fall” at the beginning of our teaching. However, we shared these terms with the students later in our
instruction. We did not prescribe one way to define weight but disclosed the controversy surrounding
weight to the students.
1.

2.
3.
4.
5.
6.
7.
8.

Please explain your experiences of the instructional process, how did it go in trying to avoid the terms?
Were students comfortable with not using weight, weightless, and free fall at the beginning? Was the
subject appropriate for the students in terms of prior knowledge?
In what way (s) this approach might be better or worse than one of the traditional approaches to teach
these concepts found in textbooks?
Do you have any preference on how to approach the teaching of weight? Do you prefer one of the
definitions better than the other?
What is your position regarding revealing language problems to students?
What parts of the module do you well and what aspects did not go well? (What parts were difficult or
easy for the students to understand?)
What aspects of the module do you think need some improvement and how? (Were there any problems
with this module? )
How about the amount of content and the available time?
Please share any general comments.
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Appendix G: Teaching fidelity check
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This form is based mostly on the conceptual framework for this study. Fidelity in implementing the study
means teaching following the theoretical positions for the study (justified by the literature review). These
theoretical positions are: (1) introduction of concepts in a way that avoids technical language at the
beginning (Arons, 1983), (2) explicit acknowledgement of language difficulties to students (Flodin, 2009),
(3) paying attention to everyday vs. scientific meaning of terms (Gee, 2004), (4) the use of terms or
concepts in diverse physical contexts (Touger, 1991), and (5) contextual interpretation of meaning (Hutten,
1948). The module itself is based on the these theoretical propositions, however, since implementation may
differ across instructors, this form helps to check on consistency in implementation.
The instructor:
1) Introduces concepts using descriptive phrases and “naming” them
afterwards (i.e., developing conceptual understanding
before “naming” things)
2) Uses multiple representations (diagrams, demonstrations, etc.)
to introduce the concepts
3) Uses multiple contexts to teach the concepts and terminology
4) Explicitly introduces language problems to students:
 Discusses language problems with the term “weight”
 Discusses language problems with the term “weightlessness”
5) Discusses language problems with the term “free fall”
6) Discusses everyday vs. scientific meaning of terms
7) Discusses contextual interpretation of meaning
Check #
1

Comments

2
3
4
5
General Comments (if any)/any fidelity concerns:
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Yes

No

Yes
Yes

No
No

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No

Appendix H: Informed consent-students

204

205

206

207

Appendix I: Informed consent- instructors
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Appendix J: Emails to subjects
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Emails to Students
Email 1
An Invitation to a study (Class announcement)
Dear Students,

As part of Rex Taibu’s dissertation project, I will be handling subject recruitment and consent processes in
your class (physics 1800). In this study, the investigator wants to investigate conceptual and terminological
issues on “weight, weightlessness, and free fall”. The results of this study may inform on the benefits of the
proposed instructional approach. Thus the instructional unit may contribute to the development of our
existing course assuming positive results.
I have attached a consent form for more information about this study. Next week, a hard copy of the
consent form shall be presented to you to further learn more about the study and possibly sign it. You will
not be identified to the course instructor.
You may decide not to participate, or you may contact the Principal Investigator, Dr. David Schuster at
(269) 345 1412 or david.schuster@wmich.edu if you change your mind and for any questions. There will
be no prejudice or penalty for any decision you make regarding participation.
Thank You
Rex Taibu/David Schuster
Email 2
Thank You (Email to volunteers)
Dear Students,

Thank you for your willingness to participate in the study entitled "A Study of Conceptual and Language
Issues Surrounding Weight, Weightlessness, and Free Fall: Instructional Design and Assessment”. The
signing of the consent form shall take place in the following class meeting. I will bring hard copies of the
forms for each one of you.
Thank you,

Rex Taibu/David Schuster
Emails to instructors
Email 3
An Invitation to a study
Dear Instructor,
As part of my dissertation project, I will be handling subject recruitment and consent processes for
instructors of PHYS 1800. In this study, I would like to investigate conceptual and language issues on
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“weight, weightlessness, and free fall”. The results of this study may inform on the benefits of the proposed
instructional approach. Thus the instructional unit may contribute to the development of our existing course
assuming positive results.
I have attached a consent form for more information about this study. Next week, a hard copy of the
consent form shall be presented to you to further learn more about the study and possibly sign it.
You may decide not to participate, or you may contact the Principal Investigator, Dr. David Schuster at
(269) 345 1412 or david.schuster@wmich.edu if you change your mind and for any questions. There will
be no prejudice or penalty for any decision you make regarding participation.
Thank You
Rex Taibu
Email 4
Thank You (Email to volunteers)

Dear Instructor,
Thank you for your willingness to participate in the study entitled "A Study of Conceptual and Language
Issues Surrounding Weight, Weightlessness, and Free Fall: Instructional Design and Assessment”. The
signing of the consent form shall take place at the end of your next class meeting. I will bring a hard copy
of the form for you.
Thank you,
Rex Taibu
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